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The present invention relates to new pyrrolo[3,4-c]carbazole and pyrido[2,3-b]pyrrolo- 
[3, 4-e] indole compounds, to a process for their preparation and to pharmaceutical 
compositions containing them. 

The needs of anti-cancer therapy calj for the constant development of new anti- 
proliferative ^ents, with the aim of obtaining medicaments that are both more active and 
better tolerated. The compounds of the present invention have anti-tumour properties in 
particular, which accordingly render them useful in the treatment of cancers. 

Patent applications WO 95/07910 and WO 96/04906 describe indole compoimds and claim 
them on the one hand for their anti-vu^ activity and on the other hand for the treatment 
and prevention of restenosis. Patent applications WO 00/47583, WO 97/21677 and 
WO 96/1 1933 disclose cyclopenta[g]pyrrolo[3,4-e]indole compounds which are fused on 
the indole moiety and the cyclopentene moiety of the compounds to an aromatic or non- 
aromatic ring system and which optionally contain hetero atoms. Those compounds have 
pharmacological activities which render them useful especially in the treatment of cancer. 
Patent application WO 01/85686 describes pyrrolo[3,4-c]carbazole compounds for use in 
the treatment of neurodegenerative diseases, inflammations, ischaemia and cancer. 

The present invention relates more specifically to compoimds of formula (I): 




wherein: 

• A represents a ring having 6 ring members which is saturated or partially or wholly 
unsaturated, wherein the unsaturation optionally confers an aromatic nature on the ring$ 

• Z represents a group of the formula U-V wherein: 

U represents a single bond, or a linear or branched (C|-C6)allcylene chain which is 
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optionally substituted by one or more identical or different substituents selected 
from halogen and hydroxy and/or which optionally contains one or more unsaturated 
bonds, 

^ V represents a group selected from a hydrogen atom, a halogen atom and the groups 
cyano, nitro, azido, linear or branched (Ci-C6)alkyl, aryl, aryl(Ci-C6)alkyl in which 
the alkyl moiety may be linear or branched, hydroxy, linear or branched (C1-C6)- 
alkoxy, aiyloxy, aryl(Ci-C6)alkoxy in which the alkoxy moiety may be linear or 
branched, formyl, carboxy, aminocarbonyl, NR3R4, ^(0)-Ti, -C(0)-NRr-Ti, -NR3- 
C(0>-T,, -(>-C(0)-Ti, -C(0)-0-Ti, -O-T2-NR3R4, -O-T2-OR3, -O-T2-<:02R3, 
-NR3-T2-NR3R4, -NR3-T2-OR3, -NR3-T2-C02R3 and -S(0)r-R3. 
wherein: 

<=> R3 and R4, which are identical or different, each represents a group selected from a 
hydrogen atom and the groups linear or branched (CrC6)alkyl, aryl, and 
aryl(Ci-C6)alkyl in which the alkyl moiety may be linear or branched, or 
R3+R4 form together, with the nitrogen atom carrying them, a saturated, 
monocyclic or bicyclic heterocycle which has from 5 to 10 atoms and optionally 
contains within the ring system a second hetero atom selected from oxygen and 
nitrogen and which is optionally substituted by a group selected from linear or 
branched (Ci-C6)alkyl, aryl, aryl(Ci-C6)alkyl in which the alkyl moiety may be 
Imear or branched, hydroxy, linear or branched (Ci-C6)alkoxy, amino, linear or 
branched mono(CrC6)alkylamino, and di(CrC6)alkylamino in which the alkyl 
moieties may be linear or branched, 

c> Ti represents a group selected from linear or branched (Ci-C6)alkyl optionally 
substituted by a group selected from -OR3, "NR3R4, -CO2R3, -C(0)R3 and 
-C(0)NR3R4 wherein R3 and R4 are as defined hereinbefore, aryl, and aryl(Ci-C6)- 
alkyl in which the alkyl moiety may be linear or branched, or Ti represent a linear 
or branched (C2-C6)alkenyl chain optionally substituted by a group selected from 
-OR3, -NR3R4, -CO2R3, -<:(0)R3 and -C(0)NR3R4 wherein R3 and R4 are as 
defined hereinbefore, 

«=> T2 represents a linear or branched (Ci-C6)alkylene chain, 

^ t represents an integer from 0 to 2 inclusive. 
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• Wi, with the carbon atoms to which it is bonded, represents a phenyl group or a pyridyl 
group. 



• W2 represents a group selected from: 




wherein Rs represents a group selected from a hydrogen atom and the groups linear or 
branched (Ci-C6)alkyl, aryl, aryl(Ci-C6)alkyl in which the alkyl moiety may be linear or 
branched, cycloalkyl, cycloalkyl(Ci-C6)alkyl in which the alkyl moiety may be linear or 
branched, -OR3, ^>JR3R4, -O-T2-NR3R4, -NR3-T2-NR3R4, linear or branched (CrC6)- 
hydroxyalkylamino, di((Ci-C6)hydroxyalkyl)amino in which the alkyl moieties may be 
linear or branched, -C(0>-R3 and -NH--C(0)-R3, or represents a linear or branched 
(Ci-C6)sl-kylene cham optionally substituted by one or more identical or different s^oups 
selected from halogen atoms and the groups cyano, nitro, -OR3, ^4R3R4, -CO2R3, -C(0)R3, 
linear or branched (Ci-C6)hydroxyalkylamino, di((Ci-C6)hydroxyalkyl)amino in which the 
alkyl moieties may be linear or branched, and -C(0)-NHR3, the groups R3, R4 and T2 being 
as defined hereinbefore, 

• Xi represents a group selected from a hydrogen atom and the groups hydroxy, linear or 
branched (Ci-C6)alkoxy, mercapto and linear or branched (Ci-C6)alkylthio, 

• Yi represents a hydrogen atom, or 

• Xi and Yi form together, with the carbon atom carrying them, a carbonyl or 
thiocarbonyl group, 

• X2 represents a group selected from a hydrogen atom and the groups hydroxy, linear or 
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branched (CrC6)alkoxy, mercapto and linear or branched (Ci-C6)alkylthio, 

• Y2 represents a hydrogen atom, or 

• X2 and Y2 form together, with the carbon atom carrying them, a carbonyl or 
thiocarbonyl group, 

• Ri represents a group selected from a hydrogen atom, a linear or branched (C|-C6)alkyl 
group optionally substituted by one or more hydroxy, linear or branched (Ci-C6)alkoxy or 
linear or branched (Ci-C6)hydroxyalkoxy groups, or Ri represents a group of formula (a): 




wherein: 

^ Ra, Rb, Rc and Rd, which are identical or different, each independently of the others 
represents a bond or a group selected from a hydrogen atom, a halogen atom and the 
groups hydroxy, linear or branched (Ci-C6)alkoxy, aryloxy, aryl(Ci-C6)alkoxy in 
which the alkoxy moiety may be linear or branched, linear or branched (Ci-C6)alkyl, 
aryl(GrG6)alkyl in which the alkyl moiety may be linear or branched, aryl, -NR3R4 
wherein R3 and R4 are as defined hereinbefore, azido, -N^NRa (wherein R3 is as 
defined hereinbefore), and -0-C(0)-R5 wherein R5 represents a linear or branched 
(Cj-C6)alkyl group (optionally substituted by one or more groups selected from 
halogen, hydroxy, amino, linear or branched (Ci-C6)alkylamino and di(Ci-C6)- 
alkylamino in which the alkyl moieties may be linear or branched), or R5 represents 
aryl, aryl(Ci-C6)alkyl in which the alkyl moiety may be linear or branched, 
cycloalkyl or heterocycloalkyl, 

^ Re represents a methylene group (H2C=) or a group of the formula -Ui-Ra wherein 
Ui represents a single bond or a methylene group and is as defined hereinbefore, 

^ n has the value 0 or 1 , 

it being understood that the group of formula (a) is bonded to the nitrogen atom by Ra, Rb, 
Rc, R<i or Rc, 
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provided that when Wi, with the carbon atoms to which it is bonded, represents a phenyl 
group, then 

• Q represents a group selected from an oxygen atom and a group NR2 wherein R2 
represents a group linear or branched (Ci-C6)alkyl, aryl, aryl(Ci-C6)alkyl in which the 
alkyl moiety may be linear or branched, cycloalkyl, cycloalkyl(Ci-C6)alkyl in which the 
alkyl moiety may be linear or branched, -OR3, -^^3R4, -O-T2-NR3R4, -NRj-^Tr-NRsi^, 
linear or branched (CrC6)hydroxyalkylamino, di((Ci-C6)hydroxyalkyl)amino in which the 
alkyl moieties may be linear or branched, -C(0)-R3 or -NH-C(0)-R3, or R2 represents a 
linear or branched (Ci-C6)alkylene chain optionally substituted by one or more identical or 
different groups selected from halogen atoms and the groups cyano, nitro, -OR3, -NR3R4, 
-CO2R3, -C(0)R3, linear or branched (CrC6)hydroxyalkylamino, di((CrC6)- 
hydroxyalkyl)amino in which the alkyl moieties may be linear or branched, and -C(0)- 
NHR3, the groups R3, R4 and T2 being as defined hereinbefore, 

provided also that when Wi, with the carbon atoms to which it is bonded, represents a 
pyridyl group, then 

• Q represents a group selected from an oxygen atom and a group NR2 wherein R2 
represents a group selected from a hydrogen atom and the groups linear or branched 
(Ci-C6)alkyl, aiyl, aryl(Ci-C6)alkyl in which the alkyl moiety may be linear or branched, 
cycloalkyl, cycloalkyl(Ci-C6)alkyl in which the alkyl moiety may be linear or branched, 
-OR3, -^4R3R4, -0-T24«l3R4, -4^3-T2-4>IR3R4, linear or branched (CrC6)hydroxy- 
alkylamino, di((Ci-C6)hydroxyalkyl)amino in which the alkyl moieties may be linear or 
branched, -C(0>R3 and -NH-G(0)-R3, or R2 represents a linear or branched (Ci-Ce)- 
alkylene chain optionally substituted by one or more identical or different groups selected 
from halogen atoms and the groups cyano, nitro, -OR3, -NR3R4, -CO2R3, -C(0)R3, linear 
or branched (Ci-C$)hydroxyalkylamino, di((Ci-C6)hydroxyalkyl)amino in which the alkyl 
moieties may be linear or branched, and -C(0)-NHR3, the groups R3, R4 and T2 being as 
defined hereinbefore, 

to their enantiomers, diastereoisomers and also to addition salts thereof with a 
pharmaceutically acceptable acid or base. 
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aryl being understood to be a phenyl, naphthyl, dihydronaphthyl, tetrahydronaphthyl, 
indenyl or indanyl group, each of those groups being optionally substituted by one or more 
identical or different substituents selected from halogen, linear or branched (Ci-C6)alkyl, 
linear or branched (Ci-C6)trihaloalkyl, hydroxy, linear or branched (Ci-C6)alkoxy, and 
amino optionally substituted by one or two linear or branched (Ci-C6)alkyl groups. 

Among the pharmaceutically acceptable acids there may be mentioned, without implying 
any limitation, hydrochloric acid, hydrobromic acid, sulphuric acid, phosphonic acid. 



acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid, succinic acid, 
glutaric acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic acid, oxalic acid, 
methanesulphonic acid, camphoric acid etc.. 

Among the pharmaceutically acceptable bases there may be mentioned, without implying 
any limitation, sodium hydroxide, potassium hydroxide, tricthylamine, tert-butylamine etc.. 

Preferred compounds of the invention are those wherein Xi and Yi, with the carbon atom 
carrying them, together form a carbonyl group, and X2 and Y2, with the carbon atom 
carrying them, together form a carbonyl group. 

In an embodiment of interest, the group Q to which preference is given in accordance with 
the invention is a group NR2 wherein R2 is as defined for formula (I). 

According to an advantageous embodiment, preferred compounds of the invention are 
compounds of formula (I) that correspond more especially to formula (LA): 



W, 



Z 




(lA) 



R 



wherein Ri, R2, W| and Z are as defined for formula (I). 
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According to a second advantageous embodiment, preferred compounds of the invention 
are compounds of formula (I) that correspond more especially to formula (IB); 

^2 



(IB) 




wherein Ri, R2 and Z are as defined for formula (I). 

According to a third advantageous embodiment, preferred compounds of the invention are 
compounds of formula (I) that correspond more especially to foraiula (IC); 




(IC) 



wherein Ri, R2 and Z are as defined for formula (I). 



According to a fourth advantageous embodiment, preferred compoimds of the invention 
are compounds of formula (I) that correspond more especially to formula (ID); 



N (ID) 




wherein Rj, R2, R*, Wi and Z are as defined for formula (I). 
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Aecording to a fifth advantageous embodiment, preferred compounds of the invention are 
compounds of formula (I) that correspond more especidly to formula (IE): 




wherein Ri, R2, and Z are as defined for formula (I). 



According to a sixth advantageous embodiment, preferred compounds of the invention are 
compounds of formula (I) that correspond more especially to formula (IF) : 




wherein Ri, R2, R6 and Z are as defined for formula (I). 



According to a seventh advantageous embodiment, preferred compoimds of the invention 
are compounds of formula (I) that correspond more especially to formula (IG) : 




\ 



wherein R|, R2, Wi and Z are as defined for formula (I). 
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Accofding to an eighth advantageous embodiment, preferred compounds of the invention 
are compounds of formula (I) that correspond more especially to formula (IH); 




\ 



wherein Ri, R2 and Z are as defined for formula (I). 



According to a ninth advantageous embodiment, preferred compounds of the invention are 
compounds of formula (I) that correspond more especially to formula (II) : 




wherein Ri, R2 and Z are as defined for formula (I). 



According to a tenth advantageous embodiment, preferred compounds of the invention are 
compounds of formula (I) that correspond more especially to formula (IJ): 




wherein Ri, R2, W| and Z are as defined for formula (I). 
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According to an eleventh advantageous embodiment, preferred compounds of the 
invention are compounds of formula (I) that correspond more especially to formula (IK): 




(IK) 



wherein Ri, R2 and Z are as defined for formula (I). 



5 According to a twelfth advantageous embodiment, preferred compoimds of the invention 
are compounds of formula (I) that correspond more especially to formula (IL); 




wherein R|, R2 and Z are as defined for formula (I). 



Advantageously, the group Ri to which preference is given in accordance with the 
10 invention is a hydrogen atom or a glucopyranosyl group of the formula: 




In an embodiment of interest, the group R2 to which preference is given in accordzince with 
the invention is a hydrogen atom or a linear or branched (Ci-C6)alkyl group. 
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10 



15 



Advantageously, the group to which preference is given in accordance with the 
invention is a hydrogen atom. 

Compounds of the invention to which preference is given are: 

> pyiTolo[3\4';5,6]indolizino[8,7-b]indQle-l ,3[2HSH]'diom, 

> ll-bromopyrrolo[3^4*:5,6]indolizino[8J-b]indole-13[2//,8//]-dione, 

> ll-chloropyrrolo[3',4':5,6]indolizino[8,7-b]indole-l,3[2//,8/r|-dione, 

> imidazo[2\ r :6, 1 ]pyrrolo[3',4':4,5]pyrido[2,3-b]mdole- 1 ,3(2//,8^-dione. 

The enantiomers, diastereoisomers and addition salts with a pharmaceutically acceptable 
acid or base of the preferred compounds form an integral part of the invention. 

The present invention relates also to a process for the preparation of compounds of 
formula (I), characterised in that there is used as starting material a compound of 
formula (II): 



wherein Ria represents a hydrogen atom or a methyl group and Xi, Yi, X2 and Y2 are as 
defined for formula (IX 

which compound of formula (II) is treated with an alkylmagnesium halide in the presence 
of a compound of formula (III): 



H 

wherein Wi and Z are as defined for formula (I), to yield a compound of formula (IV): 
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(IV) 



wherein Ria, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

which compound of formula (IV) is reacted with di-fert-hutyl dicarbonate in the presence 
of 4-dimethylaminopyridine to yield a compound of formula (V): 




(V) 



wherein Boc represents a ferr-butylcarbonyloxy group and Ria, Xu Yu Xi, Y2, Wi and Z 
are as defined hereinbefore, 
which compound of formula (V) is: 



10 



• either treated with an alkylmagnesium halide in the presence of a pyrrolyl compound to 
yield a compound of formula (VI): 




(VI) 



wherein is as defined for formula (I) and Boc, Rza, Xi, Yi, X2, Y2, Wi and Z are as 

defined hereinbefore, 

which compound of formula (VI) is: 
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* either irradiated with a halogen lamp to yield a compound of formula (I/a), which 
is a particvUar case of the compounds of fomiula (1); 



(I/a) 




wherein Boc, R6, Ria, X|, Yi, X2, Y2, W| and Z are as defined hereinbefore, 

which compoimd of formula (I/a) is optionally treated with foraiic acid to yield a 

compound of formula (I/b), which is a particular case of the compounds of formula (I): 




.^6 



wherein Boc, R^, R2a, Xu Yi, X2, Y2, Wi and Z are as defined hereinbefore. 



* or treated with palladium black in the particular case where R« represents a 
hydrogen atom, to yield a compound of foimula (1/c), which is a particular case of the 
compounds of formula (I): 




\ 

Boc 

wherein Boc, R2a, Xi, Yi, X2, Y2, Wi and Z are as deflned hereinbefore, which compound 
of formula (I/c) is optionally subjected to the same reaction conditions as the compound of 
formula (I/a) to yield a compound of formula (I/d), which is a particular case of the 
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eompounds of formula (I): 




H 

wherein R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore. 



• or treated with lithium hexamethyldisilazane in the presence of a pyrrolyl compound to 
yield a compound of formula (VII): 



10 




(VII) 



wherein Boc^ R2a* Yi^ X2* Y2, Wi and Z are as defined hereinbefore, 
which compound of formula (VII) is irradiated with a halogen lamp, in an apolar and 
aprotic solvent, to yield a compound of formula (I/e), which is a particular case of the 
compounds of formula (I): 




(I/e) 



15 



wherein Boc, R^, R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

which compound of formula (I/e) is optionally subjected to the same reaction conditions as 

the compound of formula (I/a) to yield a compound of formula (I/f), which is a particular 
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case of the compounds of formula (I): 




H / 
R6 

wherein R6, R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

• or treated with an aikylmagnesium halide in the presence of imidazole to yield a 
5 compound of formula (VIQ): 




(VIII) 



H 



wherein R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 
which compound of formula (VIII) is treated with a compoimd of formula (IX): 

Ria-G (IX) 

10 wherein Ria, which is other than a hydrogen atom, has the same definition as Ri in 
formula (I) and G represents a hydroxy group or a leaving group, 
to yield a compound of formula (X): 




(X) 



\ 

wherein Rja, R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore. 
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which compounds of formula (X) are irradiated with a halogen lamp to yield compounds of 
formulae (I/gi) and Q/gi), which are particular cases of the compounds of formula (I); 




wherein Ria, Raa, Xi, Yi, X2, Y2, Wi and Z are as defined herembefore, 

5 which compounds of formulae (I/gi) and (l/gi) are optionally treated with manganese 
dioxide to jdeld compounds of formulae (I/hi) and Q/hi), which are particular cases of the 
compounds of formula (I): 




wherein Ria, R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

10 which compounds of formulae (I/hi) and (I/h2) are optionally subjected to the same 
reaction conditions as the compound of formula (I/a), in the particular case where Ria 
represents a /er/-butylcarbonyloxy group, to yield compounds of formulae (I/ii) and (I/i2)» 
which are particular cases of the compounds of formula (I): 
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wherein R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

• or treated with an alkylmagnesium halide in the presence of an imidazolyl 
compound (XI): 




wherein R7 represents a secondary-amine-protecting group known to the person skilled in 
the art, to yield a compound of formula (XII): 




pai) 



wherein R2a, R7, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

10 which compound of formula (XU) is subjected to the same reaction conditions as the 
compound of formula (VIH) to yield a compound of formula (XIII); 





(XUl) 



ndZareasdefmedhereinbefore, 



. ereinR..^-^-^^' ' " ' . .eprotected by conventional 

, ocilBtheuni<iazolyln«S'' ^eld a compound of 



pov) 



^hereinRi.,R:ia,Xi, u,„.k to yield a compound of 

. a v«th palladium black toy 
„d of formula (XIV) is treated >vi ^ ^^^^la®-- 

fonnulaCW'^niv ^ 



(Vj) 





,^"dZare as defined hereinbefore, 
„ R X.Y„Xa,Ya,WiandZare 
whereinRi~R^'^" 
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which compound of formula (I/j) is optionally subjected to the same reaction conditions as 
the compounds of formula (l/h) to yield a compoimd of formula (I/k), which is a particular 
case of the compounds of formula (I): 




(I/k) 



wherein R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

• or treated with an alkylmagnesium halide in the presence of an imidazolyl 
compound (XV): 

SPh 

wherein R? is as defined hereinbefore, to yield a compound of formula (XVI): 




(XVI) 



H 

wherein R2a, Ry, Xj, Yi, X2, Y2, Wi and Z are as defined hereinbefore. 




which compound of formula (XVI) is treated with Raney nickel to yield a compoimd of 
formula (XVID; 
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H 

wherein Ria, R7, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 



which compound of formula (XVII) is subjected in succession to the same reaction 
conditions as the compounds of formulae (XII) and (XIII) to yield a compound of 
5 fomiula(XVin): 




(XVin) 



wherein Ria, Raa, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 



which compound of formula (XVIII) is: 



* either irradiated with a halogen lamp in the presence of palladium-on-carbon to 
10 yield a compound of formula (I/l), which is a particular case of the compounds of 
formula (I): 
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wherein Ru, R2a, X|, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

which compound of formula (I/l) is optionally subjected to the same reaction conditions as 
the compounds of formula (I/h) to yield the compounds of formula (I/m), which are a 
particular case of the compounds of formula (I): 



H 

wherein R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

* gE subjected to the same reaction conditions as the compoimd of formula (XTV) to 
yield the compounds of formula O/n), which are a particular case of the compounds of 
formula (I): 



wherein Ria, R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

which compounds of formula (I/n) are optionally subjected to the same reaction conditions 
as the compounds of formula (I/l) to yield the compounds of formula (I/o), which are a 
particular case of the compounds of formula (I): 
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(I/o) 



wherein R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

the compounds of formulae (I/a) to (I/o) constituting the compounds of formula (I/p): 




(I/p) 



wherein A, Ri, R2a, Xi, Yi, X2, Y2, Wi and Z are as defmed hereinbefore, 

which compound of formula (I/p) is optionally treated with aqueous sodium hydroxide and 
then placed in the presence of hydrochloric acid to yield a compound of formula (I/q), 
which is a particular case of the compounds of formula (I): 




wherein A, Ri, Xi, Yi, X2, Y2, Wi, W2 and Z are as defined hereinbefore, 

which compound of formula (I/q) is optionally treated with a compound of formula (XIX): 

R2b-NH2 (XIX) 

wherein R2b, which is other than a hydrogen atom and a methyl group, is as defined for R2 
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in formula (I), to yield a compound of fomiula (I/r), which is a particular case of the 
compounds of formula (I); 

X,^ ^N^ 



(I/r) 




wherein A, Ri, R2b, Xi, Yi, X2, Y2, Wi, W2 and Z are as defined hereinbefore, 

which compounds of formulae (I/a) to (I/r) constitute the totality of the compounds of 
formula (I), which are purified, where necessary, according to conventional purification 
techniques, which may be separated, if desired, into their different isomers according to a 
conventional separation technique, and which are converted, if desired, into their addition 
salts with a pharmaceutically acceptable acid or base. 

According to an embodiment of the invention, the compounds of formula (I) wherein W2 
has the particular definition; 

\ 




ean be prepared starting from a compound of formula (XX): 

W. 



(XX) 



N N 
H H 



wherein Wi and Z are as defined for formula (I), 

which compounds of formula (XX) are reacted with a compound of formula (XXI): 
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wherein R2, X|, Yi, X2 and Y2 are as defined for formula (I), 
to yield a compound of foroiula (XXII): 




(XXII) 



wherein R2, X|, Yi, X2, Y2, Wi and Z are as defined hereinbefore. 



which compound of fomiula (XXII) is treated with palladium-on-carbon to yield a 
compound of formula (I/s), which is a particular case of the compounds of formula (I): 



wherein R2, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

which compound of formula (I/s) is purified, where necessary, according to conventional 
purification techniques, may be separated, if desired, into its different isomers according to 
a conventional separation technique and is converted, if desired, into its addition salts with 
a pharmaceutically acceptable acid or base. 

The compounds of formulae (II), (III), (IX), (XI), (XV), (XIX), (XX) and (XXI) are either 
commercially available compounds or are obtained according to conventional methods of 
organic synthesis which are readily accessible to the person skilled in the art. 

The compounds of formula (I) have especially valuable anti-tumour properties. The 
properties that are characteristic of the compounds allow them to be used in therapeutics as 
anti-tumour agents. 




(I/s) 
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The present invention relates also to pharmaceutical compositions comprising as active 
ingredient at least one compound of formula (I), its optical isomers or an addition salt 
thereof with a pharmaceutically acceptable base or acid, alone or in combination with one 
or more inert, non-toxic, pharmaceutically acceptable excipients or carriers. 

Among the pharmaceutical compositions according to the invention there may be 
mentioned more especially those that are suitable for oral, parenteral (intravenous, 
intramuscular or subcutaneous), per- or trans-cutaneous, nasal, rectal, perlingual, ocular or 
respiratory administration, and especially tablets or dragees, sublingual tablets, gelatin 
capsules, capsules, suppositories, creams, ointments, dermal gels, injectable or drinkable 
preparations, aerosols, eye drops and nose drops, etc. 

By virtue of the pharmacological properties that are characteristic of the compounds of 
formula ©, the pharmaceutical compositions comprising the said compounds of 
formula (I) as active ingredient are, accordingly, especially useful in the treatment of 
cancers. 

The usefid dose varies according to the age and weight of the patient, the administration 
route, ttie nature and severity of the disorder and any associated treatments and ranges 
from 1 mg to 500 mg per day, in one or more administrations. 

The Examples that follow illustrate the invention, without limiting it in any way. The 
starting materials used are products which are known or are prepared according to known 
procedures. 

The structures of the compounds described in the Examples were determined according to 
customary spectrophotometric techniques (infra-red, nuclear magnetic resonance, mass 
spectrometry, ...). 
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PREPARATION A ; 2-(l/r-Pvrrol-2>vn-l^-indole 

The expected product is obtained according to the process described by V. Bocchi et aL 
(Tetrahedron, 1984, 40, pp. 3251-3256). 

PREPARATION B ; 5-(Beiizvloxv)-2-f l/f-PvrroN2-vn-lg-indole 
Step A : S-(Ben;^loxy)'3'bromO'lH-indoIe 

A solution of bromine (4 mmol) in 20 ml of dimethylformamide is added dropwise to a 
solution of 5-benzyloxyindole (4 mmol) in 20 ml of dimethylformamide. Tlie mixture is 
stirred at ambient temperature for 24 hours with the exclusion of light. The cmde reaction 
mixture is poured into 200 ml of ice-water containing 1 ml of ammonium hydroxide and 
0.2 ml of sodium thiosulphate. The expected product is obtained by crystallisation, 
filtration over a frit and then washing with distilled water. 

Melting point : 89-92°C 

IR (KBt) : Vnh = 3420 cm'^ 

Mass spectrum (FAB): 30L01 [M^] 

StepB : S'(Bens3^loxy)'2'(lH'pyrrol'2-yl)-lH'indole 

To a solution of the compound obtained in the preceding Step (1 .5 mmol) dissolved in 8 ml 
of anhydrous dichloromethane there is added a solution of pyrrole (1.5 mmol) dissolved in 
7 ml of anhydrous dichloromethane, followed by trifluoroacetic acid (45 jal). The mixture 
is stirred at ambient temperature for 4 hours. The solution is rendered basic with several 
drops of ammonium hydroxide and then evaporated to dryness. Purification by 
chromatography on silica gel (ethyl acetate/cyclohexane : 2/8) yields the expected product. 

Melting point : 178-182**C 

IR (KBr) : Vnh = 3380-3420 cm"^ 

Mass spectrum (FAB): 289.13 [M^lt] 
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PREPARATION C ; 5-Bromo-2-f li/-Dvrrol-2-vn-m-indole 

The expected product is obtained according to the process described in Preparation B, 
starting from 5-bromo-indole. 

Melting point : 245*^0 
IR(KBr) : v^h = 3400, 3410 cm"^ 
Mass spectrum (FAB): 259.99 [M^] 

PREPARATION D ; 5-Chioro>2-ri/r-Pvrrol-2>vn-l/r-indole 

The expected product is obtained according to the process described in Preparation B, 
starting from 5-chloro-indole. 

Melting point : 223.227°C 
IRfKBrV Vnh = 3400, 3420 cm'^ 
Mass spectrum (FAB): 217.05 [M+H^] 

PREPARATION E ; Teri-hutvl 3-(4-bromo-l-methvl-2>S-dioxo-2.5-dihvdro-l/r- 

pvrrol-3-vl)-l//-indole>l-carboxvlate 

Step A : 3'BromO'4-(lH'indol-3'yl)-l-methyl'lH-pyrrole-2,S-dione 

A solution containing 1.445 g of indole dissolved in 29 ml of dry tetrahydrofuran is 
brought to from -20 to -lO^'C, under argon, and then 26 ml of LiHMDS (1 M in hexane) 
are added dropwise in the course of 15 minutes. After 45 minutes at -10°C, the solution is 
diluted with a further 15 ml of tetrahydrofuran, and a solution containing 2 g of N-methyl- 
2,3-dibromomaleimide dissolved in 17 ml of tetrahydrofuran is added dropwise in the 
course of 30 minutes. After 15 minutes at - 10*^0 and 15 minutes at O^^C, the reaction is 
stopped by the addition at O^'C of 50 ml of a 0.3 N hydrochloric acid solution. The reaction 
mixture is extracted with ethyl acetate and the organic phases are washed with a saturated 
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NaCl solution, dried over MgS04 and then evaporated under reduced pressure. The desired 
product is precipitated with methanol. 

Melting point : 167-168°C 

Step B : Tert'butyl 3'(4'bromO'l-methyl'2,5-dioxo-2,5-dihydrO'lH'pyrrol'3'yl)-lH' 



A solution, under an inert atmosphere, containing 1 g of the product obtained in Step A, 
30 mg of 4-dimethylaminopyridine, 1.58 g of di-rer/-butyl dicarbonate and 15 ml of dry 
tetrahydrofuran is stirrred at ambient temperature for 24 hours. After removal of the 
solvents under reduced pressure, the crude reaction mixture is purified by chromatography 
10 on silica gel (petroleum ether/ethyl acetate/triethylamine : 8/2/1%), allowing the expected 
product to be isolated. 

Melting point : 137-138°C 

PREPARATION F : rerf-butvl 3-(4-bromo-l-inethvl-2>S-dioxo-2,S-dihvdro-l/f- 
pvrrol-3-vl)-l/r-pvrrolo \23-b\ pvridine-l-carboxvlate 

15 Step A : 3'Brpmp-l-methyl'^-(lH-pyrroiof2,3-bJpyri^^ 

A solution of ethylmagnesium bromide is prepared from magnesium (12.7 mmol) in 
suspension in bromoethane (12.7 mmol) and dry tetrahydrofuran (5 ml). The solution is 
stirred for one hour at ambient temperature, and then 7-azaindole (12.7 mmol) dissolved in 
40 ml of anhydrous toluene is added dropwise. After 1.5 hours* stirring at ambient 

20 temperature, a solution of N-methyl-2,3-dibromomaleimide (3.53 mmol) in 40 ml of 
anhydrous toluene is added dropwise. After 20 minutes, 60 ml of dry dichloromethane are 
added and then the reaction mixture is stirred for 75 hours at 40''C and then hydrolysed 
with a saturated aqueous ammonixmi chloride solution. The organic product is extracted 
with ethyl acetate, and then the organic phases are combined, dried over magnesium 

25 sulphate and filtered. After evaporation of the solvent and purification of the residue by 



5 



indole-l-carboxytaie 
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chromatography on silica gel (cyclohexane/ethyl acetate : 3/2), the expected product is 
isolated. 

Melting point : ISS^'C 

Step B : Tert-butyl 3'(4'bromO'l-methyl-2y5'dwxa-2y5'dihydro-lH-pyrrol-3-yl)-lH- 
pyrroio[2,3-b]pyridine-l-carboxylate 

The expected product is obtained according to the process described in Step B of 
Preparation E, starting from the compound described in the preceding Step. 

Melting point : 102-103°C 

IR (KBr) : Vc=o = 1710, 1740, 1770 cm"^ 

PREPARATION G ; 2>fliy-Pvrrol>2>vn>liy-pvrrolo[23>&lpvridine 

A 2M solution of butyllithixmi in cyclohexane (25 mmol) is added to a solution of N^N- 
diisopropylamine (25 mmol) in 30 ml of tetrahydrofiiran at 0**C. 3-Methylpyridine 
(5.35 mmol) is added to 16 mmol of that lithium N,N-diisopropylamine solution. The 
reaction mixture is stirred for 10 minutes at O^'C and then brought to -78°C, prior to the 
addition of 2-cyanopyrrole (5.35 mmol). The temperature is raised to 0*^C over a period of 
1.5 hours, prior to the addition of the remainder of the lithium N,N-diisopropylamine 
solution (9 mmol). The reaction mixture is then heated at 45°C for 5 hours. After the 
mixture has retumed to ambient temperature, water and then a saturated aqueous sodium 
chloride solution are added. The mixture is extracted \yith ethyl acetate, and the organic 
phase is dried over magnesium sulphate, filtered and then concentrated. Purification by 
column chromatography on silica gel (ethyl acetate/cyclohexane : 6/4) yields the expected 
product 



Melting point : > 150®C (decomposition) 
IRfKBr) : Vnh = 3420 cm'* 
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EXAMPLE 1 ; Pvrrolof3\4^;S,61indolizinor8,7>MindoIe-13r2J/.8/ndione 
StevA : 3'[2-(lH'Pyrrol'2'yl)'lH4ndol-3-yl]'2,5'pyrroliM^ 

A mixture of the compound of Preparation A (0.274 mmol), of maleimide (0.548 mmol) 
and a catalj^ic amount of SnCi2 in 15 ml of anhydrous toluene is heated imder reflux for 
5 24 hours. After evaporation of the toluene, the resulting residue is purified by 
chromatography on silica gel (ethyl acetate/cyclohexane : 3/7) to yield the expected 
product. 

Melting point : 67-69°C 

IR (KBr) : Vc^ = 1700, 1780 cm'^ ; Vnh = 3100, 3500 cm"^ 
10 Mass spectrum (FAB): 279.10 [M^] 

StepB : Pyrrolo[3\r:S,6]mdolizino[8J'b]indol^^^^^ 

A suspension of the compound of the preceding Step (0.358 mmol) and of palladium black 
(0.358 mmol) in 5 ml of mtrobenzene is heated under reflux for 8 hours. The crude 

15 reaction mixture is cooled to ambient temperature, diluted with cyclohexane (5 ml) and 
placed on a frit containing a plug (5 to 6 cm) of silica gel. The nitrobenzene is eluted using 
cyclohexane then a cyclohexane/dichloromethane mixture (95/5). The product of the 
reaction is eluted using a dichloromethane/methanol/trifluoroacetic acid mixture 
(10/1/0.05). The resulting solution is concentrated and the residue is dissolved in ethyl 

20 acetate. That new solution is washed with a saturated sodium hydrogen carbonate solution, 
with water and then with a saturated sodium chloride solution, dried over magnesium 
sulphate, filtered and concentrated to yield the expected product. 



25 



Melting point : 218-220^C 

IR (KBr^ : Voo = 1710, 1750 cm"^ ; Vnh = 2900-3300 cm^^ 
Mass spectrum (FAB): 275.07 [M*] 
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EXAMPLE 2 ; 2-MethvlDvrrolor3'.4'rS.61indolizino[8.7-&]indole-13r2/r.8/ndione 

Step A : l-Methvl-3-f2-aH-Dvrrol-2-vl)-lH-indol-3-yiI-2,5-pwrolidinedione 

The expected product is obtained according to the process described in Step A of 
Example 1, using N-methylmaleimide. 

Melting point : 142°C 

IR (KBr) : Vckj = 1740, 1770 cm-' ; v^h = 3200-3400 cm"' 
Mass spectrum (FAB): 294. 1 2 [M+H^] 

StepB : 2-Methylpyrrolo[3 ',4':S,6]mdoHzino[8, 7-bJindole-l,3(2H,8H)dione 

The expected product is obtained according to the process described in Step B of 
Example 1, starting from tfie compound described in the preceding Step. 

Melting point : 226-228°C 

IR(KBrt : vc^ = 1700-1750 cm ' ; Vnh = 3400 cm'' 
Mass spectrum (FAB): 290.09 [M+H^ 

EXAMPLE 3 : ll-rBenzvloxv)pvrrolo[3'.4';5.61indolizinor8.7-Mindole-U(2g»8^- 
dione 

Step A : 3-l5-(Benzvloxv)-2-(lH-pvrrol-2-yl)-lH-indol-3-yU-2,5-pyrrolidinedione 

The expected product is obtained according to the process described in Step A of 
Example 1, starting from the compound described in Preparation B. 



Melting point : 103-107«»C 

IR(KBrt : Vc=o = 1690, 1740 cm ' ; vnh = 3250=3440 cm ' 
Mass spectrum (FAB^: 386.15 [M+tT] 
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Steo B : ll-(Benzvloxv)Dvrrolof3\4':5MndoUzinof8,7-b]indole-l^(2H,8H)dione 

The expected product is obtained according to the process described in Step B of 
Example 1, starting fix>m tiie compound described in the preceding Step. 

Melting point : 275°C 
5 IR(KBrV voo = 1710, 1720 cm"* ; Vkh = 3100-3500 cm"' 
Mass spectrum (FAB): 382.12 [M+H^ 

EXAMPLE 4 ; ll-Hvdroxvpvrrolof3\4';S.61indolizino[8.7-Z>1indol e-13(2^.8^-dione 

Step A : 3-[5-Hydroxy-2-(lH-pyrrol-2-yl)-lH-indol-3-yl]-2,5-pyrrolidinedione 

A suspension of the compound of Step A of Example 3 (0.259 nmiol) and 10% palladium- 
10 on-carbon (25 mg) in a mixture of ethyl acetate (5 ml) and methanol (10 ml) is 
hydrogenated at 1 atmosphere for 24 hours. After filtration of the mixture over Celite, the 
solid is washed with ethyl acetate and methanol. The filtrate is concentrated, allowing the 
expected product to be obtained. 

Melting point : 178-180*'C 
15 IR (KBr) : Vc=o = 1700, 1720 cm"' ; Vnh.oh = 3000-3500 cm ' 
Mass spectrum (FAB): 295.09 [M+lt] 

StepB : ll-Hydroxypyrrolol3 ',4':5,6]indolizino[8, 7-bJmdole-l,3(2H,8H)-dione 

The expected product is obtained according to the process described in Step B of 
Example 1, starting from the compound described in the preceding Step. 



20 



Melting point : > 275°C 

IR (KBr) : Vck) = 1710, 1740 cm * ; Vnh.oh = 3000-3300 cm 
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EXAMPLE 5 ; ll-rBenzvioxv)-2-methvlpvrrolof3'.4*;S.6Hndolizinof8,7-Mindole-lJ- 

Step A : 3-l5-(Benzyloxy)-2-(lH-^yrrol-2-yl)-lH-mdol-3-yl]-l-methyl-2,S^yrToliM 
dione 

The expected product is obtained according to the process described in Step A of 
Example 1, starting from the compound described in Preparation B and N- 
methyknaleimide. 

Melting point : 89-94°C 

IR rKBr^ : Vc=o = 1680-1700 em"' ; Vnh = 3300-3420 cm"' 
Mass spectrum (FAB): 400.17 [M+H*] 

Stev B : ll-(Ben?yloxy)'2-methylpyrroh[3',4\'5,6]indoUzino[8J-b]ind 
dione 

The expected product is obtained according to the process described in Step B of 
Example 1, starting from the compoimd described in the preceding Step. 

Melting point : 120°C 

IR (KBt) : Vc=o = 1680-1700 cm"' ; Vnh = 3200-3600 cm'' 
Mass spectrum (FAB): 396.13 [M+H^ 

EXAMPLE 6 ; ll-Hvdroxv-2-methvlPvrrolor3'.4';S.61indolizinor8.7-Alindole-13- 
Step A : 3-f5-Hvdroxv-2-aH-Dvrrol-2-vl)-lH-indol-3-vlH-methvl-2,5-pyrrolidinedione 



The expected product is obtained according to the process described in Step A -of 
Example 4, starting from the compound described in Step A of Example 5. 
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Meiting point : 148-154°C 
IR (KBr) : Vc=o = 1680, 1720 cm ' ; Vnh.oh = 3300-3400 cm ' 
Mass spectrum (FAB): 310.12 [M+Ifl 

Step B : ll-Hvdroxv-2-methvlpvrrolof3\4':SMndolizinof8J-blindote-l,3(2H,8H-^ion^ 

The expected product is obtained according to the process described in Step B of 
Example 1, starting from the compound described in the preceding Step. 

Melting point : 192''C 

IR (KBr) : Vck> = 1700, 1750 cm ' ; Vnhoh = 3350-3420 cm"' 
Mass spectrum (FAB): 306.09 [M+H*] 

EXAMPLE 7 ; ll-Bromopvrrolor3'.4':5.61indolizinor8.7-Alindoie-13r2^ .8/n-dione 

Step A : 3-rS-Bromo-2-(lH-Dvrrol-2-vl)-lH-indol-3-ylI-2,S-iryrrolidinedione 

The expected product is obtained according to the process described in Step A of 
Example 1, starting from tfie compoimd described in Preparation C. 

Melting point : 163°C 

IR (KBr) : Vc=o = 1720, 1780 cm ' ; Vnh = 3260-3420 cm"' 
Mass spectrum (FAB): 357.01 [M^ 

StepB : ll-Bromopyrrolo[3 \4 ':5,6]indolizinot8, 7-bJindole-l,3(2H,8H)-dione 

The expected product is obtained according to the process described in Step B of 
Example 1, starting fix>m tiie compound described in the preceding Step. 

Melting point : > 300°C 

IR (KBr) : Vck> = 1720 cm"' ; Vnh = 3200-3440 cm ' 
Mass spectrum (FAB): 352.98 [M^ 




let filing 




-35- 



EXAMPLE 8 ; ll-Bromo-2-methvlDvrrolo[3'.4';S.61indolizino[8.7-Alindole- 
lJ(2/f.8^-dione 

Step A : 3-fS-Bromo-2-(lH-pvrrol-2-yl)-lH-indol-3-ylH-methyl-2,5-pyrrolidinedione 

The expected product is obtained according to the process described in Step A of 
Example 1, starting from the compound described in Preparation C and N-methyl- 
maieimide. 

Melting point : 81°C 

IR (KBr^ : Vck) = 1750-1790 cm ' ; v^h = 3340-3400 cm^' 
Mass spectrum (FAB): 371.03 [M*] 

StepB : ll-Bromo-2-methylpyrrolo[3 ',4 ':5,6]indoU^no[8, 7-bJindole-l,3(2H,8H)-dione 

The expected product is obtained according to the process described in Step B of 
Example 1, starting from tiie compound described in tiie preceding Step. 

Melting point : > 300°C 

IR(KBr) : v<m) = 1650-1690 cm"' ; Vnh = 3300-3500 cm ' 
Mass spectrum (FAB): 366.99 [M^ 

EXAMPLE 9 ; ll-Chloropvrrolor3'.4';S.61indolmnor8.7-Mindole-13(2/^-8//)-dione 

Step A : 3-f5-Chloro-2-(lH-pvrrol-2-yl)-lH-indol-3-ylJ-2t5-pyrrolidinedione 

The expected product is obtained according to the process described in Step A of 
Example 1, starting from the compound described in Preparation D. 



Melting point : 138-144''C 

IR (KBr) : Vc=o = 1700, 1780 cm " ; v^h = 3100-3500 cm^' 
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Mass spectrum (FAB): 316.06 [M+tT] 

SteoB : ll-Chloropyrrolo[3 %4':S,6JindoUzino[8, 7-b]lndole-l,3(2H,8H)-dione 

The expected product is obtained according to the process described in Step B of 
Example 1, starting from the compound described in the preceding Step. 

Melting point : 298-304°C 

IR (KBrt : Vc=o = 1700, 1710 cm'* ; v^h = 3100-3400 cm"' 
Mass spectrum (FAB): 310.04 [M+H^ 

EXAMPLE 10 ; ll-Chloro-2-methvlPvrrolor3'.4':5.61indo!izmo[8.7-Almdole-13- 

Step A : 3-fS<:hloro-2-(lH-m>rrol-2-vl)-lH4ndol-3-yU-l-methyl-2,S-pyrrolidinedione 

The expected product is obtained according to the process described in Step A of 
Example 1, starting from the compound described in Preparation D and N-methyl- 
maleimide. 

Melting point ; 92-102*»C 

IR(KBrV V£M> = 1690, 1770 cm"' ; Vnh = 3200-3500 cm ' 
Mass spectrum (FAB): 327.08 [M^ 

StepB : ll-Chloro-2-methylpyrrolo[3 ',4 ':5,6]indolizino[8, 7'b]indole'l,3(2H,8H)-dione 

The expected product is obtained according to the process described in Step B of 
Example 1, starting from the compound described in the preceding Step. 



Melting point : 249°C 

IR (KBr) : Vc=o = 1690, 1710 cm ' ; Vnh = 3200-3600 cm"' 
Mass spectrum (FAB): 324.05 [M+H*] 
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EXAMPLE 1 1 : Tert-hutvl 2-methvM3-dioxo-1^3.4-tetrahvdro-7/r-dipvrrolo- 
r3>2-a;3>4-c1carbazole-7-carboxvlate 

Step A : Tert'butyi 3-fJ'methyl-2,S-dioxO'^-(2'pyrrofyl)'2,5-dihydra'lH-^^ 
indole-l^arbo^late 

5 2M ethylmagnesiiim bromide in tetrahydrofuran (1.493 mmol) is added dropwise to a 
solution, maintained at O^^C, of pyrrole (1.493 mmol) in 3 ml of anhydrous tetrahydrofuran. 
After the mixture has returned to ambient temperature, a solution of the compound 
described in Preparation E (0.553 mmol) in 6 ml of anhydrous tetrahydrofuran is added 
dropwise. After 24 hours' stirring at ambient temperature, the reaction mixture is 
10 hydrolysed with an aqueous ammonium chloride solution and then extracted with ethyl 
acetate. The organic phases are combined, dried over magnesium sulphate, filtered and 
then concentrated. After purification by means of column chromatography on silica gel 
(ethyl acetate/cyclohexane/triethylamine : 1/4/1%), the expected product is isolated. 

Melting point : 82-83°C 
15 m (KBr) : Vc=o = 1700-1740 cm"* ; Vnh = 3400 cm"* 

Stev B : Tert-butyl 2-methyl'l,3'dioxO'U2J,4'tetrahydrO'7H'dipyrrolo[3,2-a:3,^^ 
carbazole- T-carboxylate 

A solution of the compound described in the preceding Step (0.204 mmol) in 10 ml of 
acetonitrile, maintained in a water bath, is irradiated with a halogen lamp (500 W) for 
20 31 hours. After evaporation of the solvent and purification by means of column 
chromatography on silica gel neutralised with triethylamine (ethyl acetate/cyclohexane/- 
triethylamine : 3/7/1%), the expected product is isolated. 



25 



Melting point : 172°C (decomposition) 

IRJTCBr): Vc-o = 1690, 1740, 1760 cm"* ; v^h = 3300 cm'* 

Mass spectrum (FAB): 390.14 [M+H^] 
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EXAMPLE 12 ; 2-Methvl-4.7-dihvdro-l/y-dipvrrolof3^-a;3. 4-clcarbazole-13(2/n- 
dione 

The compound described in Example 11 (0.164 mmol) is dissolved in 40 ml of formic 
acid. After 16 hours' stirring at ambient temperature, the solution is neutralised by the 

5 dropwise addition of triethylamine and then an aqueous sodium hydrogen carbonate 
solution. The mixture is extracted several times with ethyl acetate. The organic phases are 
combined and then washed with a saturated aqueous sodium chloride solution, dried over 
magnesium sulphate, filtered and then concentrated. After purification by column 
chromatography on silica gel (ethyl acetate/cyclohexane : 3/7), the expected product is 

10 isolated. 

Melting point : 292*C 

IR (KBr) : Voo = 1660, 1740 cm'' ; Vnh = 3320, 3380 cm'' 
Mass spectrum (FAB): 290.09 [M+H*] 

EXAMPLE 13 ; Tert-hutvl 6-methvl-S.7-dioxo-S.6.7.7a-t etrahvdroimidazori^-al- 
15 iivridof3'J'!4i>lpvrrolof2J-c1pviTolof3.4-glpvridine-12(4 a/n-carboxvlate 

Step A : S-(JH'lmi4azoH'ylH'methyM-(lH-pyrrolop^ 
2,5-dione 

The expected product is obtained according to the process described in Step A of 
Example 1 1, starting from the compound described in Preparation F and imidazole. 



20 



Melting point : 246-248°C 

IR (KBr) : v<m) = HIO cm'' ; Vnh = 3320-3500 cm'' 
Mass spectrum (FAB): 296.1 1 [M+2H'] 
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Step B : Tert'butyl 3'[4'(lH4midazol-l-ylhl'methyl-2,5-dioxo-2,5-dihyd^ 
yl]-lH-pyrrolo[2,3-b]pyridine'l^arboxylate 

The expected product is obtained according to the process described in Step B of 
Preparation E, starting from the compound described in the preceding Step. 

Mehing point : 144-145°C 

IR TKBr) : Vc=o = 1720, 1740, 1780 cm"* 

Mass spectrum (FAB): 394.15 [M+lT] 

Step C : TerUbutyl ^-methyUS, 7'dioxo-5f6, 7, 7a-tetrahydroimidazo[l,2'a]pyrido- 
[3 \2 ':4,5]pyrrolo[2,3-cJpyrrolo[3,4'e]pyridine'12(4aH)-carbo^^ 

The expected product is obtained according to the process described in Step B of 
Example 1 1 , starting from the compound described in the preceding Step. 

Melting pomt : 270*^0 

IR(KBrt : Vc=o = 1720, 1750 cm"^ 

EXAMPLE 14 ; Tert-hntvl 6-methvl-S.7-dioxo-6.7-dihvdroimidazofl>2-alDvrido- 
f3^^*:4,51pvrrolor23-clpvrrolof3.4-glpvridine-12(5/n-carboxvlate 

Manganese dioxide (0.478 mmoi) is added to a solution of the compound of Example 13 
(0.081 mmol) in 5 ml of anhydrous dichloromethane. The mixture is stirred at ambient 
temperature for 12 hours and then filtered over Ceiite® with dichloromethane and 

methanol. The expected product is obtained after evaporation of the solvents to dryness. 

-J* 

EXAMPLE 15 ; 6-Methvliniidazori^-fllDvridof3U';4^lDvrrolo[23-clDvrrolo[3.4-gl- 
Dvridine.5.7(6^.12g>.dione 



The expected product is obtained according to the process described in Example 12, 
starting from the compound described in Example 14. 
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Melting point : 258°C (decomposition) 

IR (KBrt : Vc=o = 1710 , 1760 cm '; Vnh = 3400-3450 cm ' 

Mass spectrum (FAB): 394.15 rM4'H^1 

EXAMPLE 16 ; Tert-hutvl 2-methvl-i:3-dioxo-233a.l2c-tetrahvdroimidazori.5-al- 
Dvridof3*^';4^]pvrrolo[23-clpvrrolo[3,4-elpvridine-8(l/n-carboxvlate 

The expected product is obtained according to the process described in Step B of 
Example 11, starting from the compound of Preparation F. 

Melting point : 152°C 

IR (KBr) : Voo = 1720, 1750 cm'' 


EXAMPLE 17 ; rgrT-butvl 2-inethvl-13-dioxo-23-dihvdroimidazori.5-glpvrido- 
f3'^*;4^1pvrrolof23-c1pvrrolof3.4-glpvridme-8(l.gn-carboxvlate 

The expected product is obtained according to the process described in Example 14, 
starting from the compound described in Exeimple 16. 

EXAMPLE 18 ; 2-Methvlimidazoll.5-alpvridor3U'!4.Slpvrrolof23-clpviToIor3.4-gl- 
pvridipe-13f2£f.8fn-dione 

The expected product is obtained according to the process described in Example 12, 
starting from the compoimd described in Example 17. 



Melting ooiitt : 304-307"'C 

IR(KBr) : Vc=o = 1710, 1760 cm ' ; Vnh = 3450 cm ' 
Mass spectrum (FAB): 292.08 \M+lt] 
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EXAMPLE 19 : 6>Methvi-7aa2-dihvdroimidazori^-glpvridor3U*;4>SlDvrrolo[23-cl- 
pvrrolo pvridine-5^7(4afl,6/n-dione 



A solution of the compound described in Step B of Example 13 (0.254 mmol) in 6 ml of 
acetonitrile is irradiated with a halogen lamp (500 W) for 6.5 hours. After evaporation of 
5 the solvent and purification by colunm chromatography on silica gel neutralised with 
triethylamine (tetrahydrofuran/toluene/triethylamine : 3/7/1% to tetrahydrofuran), the 
expected product is isolated. 



Melting point : 222-224°C 

IR (KBr) : Vck) =1710, 1790 cm"^ ; v^h = 3480 cm" 
10 Mass spectrum (FAB): 294.10 [M+H*] 



EXAMPLE 20 : 2-Methvl-8-(23,4,6-tetra-0-acetvl-B-/)-glucopvranosvn-8a2c- 
dihvdroimidazofl^-fllpyridof3'>2^4,S]pvrroIof2>3-c]pvrrolo[3^4-g]pvridipe^ 

Step A : 3'(lH-Imidazol-l-yl)'l'methyl'4-[l-(2,3,4,6'te^^^ 
1 5 nosyl)-lH-pyrrolo[2,3-b]pyridin'3'yl]'lH-pyrrole^^^ 

2,3,4,6-Tetra-O-acetylglucopyranose (0.756 nunol) and triphenylphosphine (0.756 nunol) 
are added to a solution of the compound described in Step A of Example 13 (0.341 mmol) 
dissolved in 1 1 ml of dry tetrahydrofiiran. The reaction mixture is cooled to -78^C, and 
then DEAD (0,756 mmol) is added dropwise. The temperature is slowly raised to ambient 
20 temperature, and the reaction mixture is then stirred for a further 15 hours. After 
hydrolysis, the organic product is extracted with ethyl acetate. The organic phases are 
combined, dried over magnesium sulphate and filtered, and the solvent is evaporated off. 
After purification by chromatography on silica gel (cyclohexane/ethyl acetate : 7/3 to ethyl 
acetate), the expected product is isolated. 



25 



Melting point : 88-90''C 

IR (KBr) : Vck>= 1710, 1750 cm"' 
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Stev B : 2'Methyl'8'(2,3,4,6-tetra'0'acetyl-J^D-glucopyranosyl)'8J 
fhS-aJpyridofS %2 \*4,SJpyrroiof2,3-cJpyrroiof3,4'eJpyridine-l,3^^ 

A solution of the compound obtained in the preceding Step (0.208 mmol) in 10 ml of 
5 acetonitrile, maintained in a water bath, is irradiated with a halogen lamp (500 W) for 
6 hours. After evaporation of the solvent and purification by column chromatography on 
silica gel (ethyl acetate/cyclohexane : 3/7 to ethyl acetate), the expected product is isolated. 

EXAMPLE 21 : 2-Methvl-8-(23.4,6-tetra-0-acetvl-B-/)-glucopvranosvn-imidazo- 
ri,S-alDvridor3U*;4>5lDvrrolor23-clpvrrolor3.4-glpvridine-l^(2/f,8Jai-dione 

10 The expected product is obtained according to the process described in Example 14, 
starting fi-om the compoimd described in Example 20, 

Melting point : 204**C 

IRfKBrV VcK> = 1 71 0, 1 720, 1 750, 1 760 cm'^ 
Mass spectrum (FAB) : 622.18 [M+H*^ 

15 EXAMPLE 22 : 2-Methvl-8-(B-i)-glucopvranosvn-imidazori,5-a1pvridof3*^':4,51 
pvrrolof23-c]pvrroior3,4-glpvridinc-13(2/l.8iy)-dione 

A IN solution of sodium methoxide (20 ^1) is added dropwise to a solution of the 
compound described in Example 21 (0.032 mmol) in 6 ml of anhydrous methanol. The 
mixture is stinted at ambient temperature for 12 hours. The solvent is evaporated to 
20 dryness and the solid is washed on a frit with methanol, allowing the expected product to 
be isolated. 

Melting point : > 300**C 

IR(KBr) : Vc-o = 1710, 1720 cm ' ; Vnhoh = 3240-3600 cm"' 
Mass spectrum (FAB): 454. 14 [M+H^] 
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EXAMPLE 23 ; 6-MethvM2-(23.4.6-tetra-Q-acetvl-B-/>-glucoDvranosvn-7a>12- 

dihvdroimidazofl^-fl1pvridof3*^*;4,51pvrrolo[23-c]Dvrrolor3,4-g]pvridine- 

5.7(4a^.6/n-dione 

The expected product is obtained according to the process described in Step B of 
Example 20. 

EXAMPLE 24 : 6-Methvl-12-(23,4,6-tetra-0-acetvl-B-/)-glucopyranosvn-imidazo- 
[l^-tflpvridor3U\'4,51pvrroIo[23-c1pvrroIo[3.4-glpvridine-5,7(6^,12/n-dione 

The expected product is obtained according to the process described in Example 14, 
starting from the compound described in Example 23. 

Mass spectrum (FAB): 622, 1 8 [M+H^] 

EXAMPLE 25 : 6-Methvl-12-(B-D-glucopvranosvn-imidazo[l^-glpvridof3\2^;4,SN 
pvrrolo^23-clpvrrolof3,4-e1pvridine-5,7(6/M2fl)-dione 

The expected product is obtained according to the process described in Example 22, 
starting from the compound described in Example 24. 

Melting point : 298''C 

IRTKBrV Vc=o = 1710, 1720 cm"^ ; Vnh.oh = 3240-3600 cm"' 

EXAMPLE 26 ; Pvridof3'^*;4.S]pvrrolor3^-glpvrrolof3.4-glindolizine-lJ(2g,8g)- 
dione 

Step A : 3-[2'(lH'Pyrrol'2'yl)'lH'pyrrolo[2,3'b]pyrUin'3'^^^ 

A mixture, placed tmder argon, of the compound of Preparation G (0.546 mmol) and 
maleimide (5.46 mmol) in a water/methanol solution : 2/1 is heated at 50°C for 48 hours. 
The methanol is then evaporated off and a saturated aqueous sodium chloride solution is 
added to the mixture. The reaction mixture is extracted several times with ethyl acetate. 
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The organic phase is dried over magnesium sulphate, filtered and evaporated. Purification 
by column chromatography on silica gel (ethyl acetate/cyclohexane : 1/1 to 1.5/1) yields 
the expected product. 

Melting twint : > 200°C (decomposition) 
5 IR (KBr) : Vc^ = 1 700, 1 770 cm"' ; Vnh = 3300-3600 cm"' 

StevB : PyridofS %2 ':4,5]pyrrolo[3,2-g]pyrrolol3,4-e]indoUzine-l^(2Hy8H)-dione 

A suspension of the compound of the preceding Step (0.295 mmol) and of palladium black 
(0.295 mmol) in 5 ml of nitrobenzene is heated under reflvix for 7 hours. The reaction 
mixture is filtered over silica gel, eluted with dichloromethane and then with tetrahydro- 
10 furan. Purification by column chromatography on silica gel (tetrahydrofuran/dichloro- 
methane : 1/9 then 2/8) yields the expected product. 

Melting point : > 300°C (decomposition) 

IR (KBr) : Vc=o = 1720, 1760 cm ' ; Vnh = 3150-3300 cm ' 

PHARMACOLOGICAL STUDY OF COMPOUNDS OF THE INVENTION 

15 EXAMPLE 27 ; In vitro activity 

• L1210 murine leukaemia 

L1210 murine leukaemia was used in vitro. The cells are cultured in RPMI 1640 complete 
20 culture medium containing 10% foetal calf serum, 2mM glutamine, 50 units/ml of 
penicillin, 50 ng/ml of streptomycin and lOmM Hepes, pH : 7.4. The cells are distributed 
on tnicroplates and are exposed to the cytotoxic compounds for 4 doubling periods, or 
48 hours. The number of viable cells is then quantified by a colorimetric assay, the 
Microculture Tetiazolium Assay (J. Camiichael et al. Cancer Res. : 47, 936-942 (1987)). 
25 The results are expressed as the IC50, the concentration of cytotoxic agent which inhibits 
the proliferation of the treated cells by 50 %. All the compounds of the invention exhibit 
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good cytotoxicity on that cell line. 



Compound of Example 9 

Distilled water for injectable preparations 



10 mg 
..25 ml 
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CLAIMS 



i" Compounds of formula (I): 




wherein: 

• A represents a ring having 6 ring members whieh is saturated or partially or wholly 
tinsaturated, wherein the unsaturation optionally confers an aromatic nature on the ring, 

• Z represents a group of the formula U-V wherein: 

^ U represents a single bond, or a linear or branched (Ci-C6)alkylene chain which is 
optionally substituted by one or more identical or different substituents selected 
from halogen and hydroxy and/or which optionally contains one or more unsaturated 
bonds, 

^ V represents a group selected from a hydrogen atom, a halogen atom and the groups 
cyano, nitro, azido, linear or branched (Ci-C6)alkyl, aiyl, aryl(Ci-C6)alkyl in which 
the alkyl moiety may be linear or branched, hydroxy, linear or branched (Ci-Ce)- 
alkoxy, aryloxy, aryl(Ci-C6)alkoxy in whieh the alkoxy moiety may be linear or 
branched, formyl, carboxy, aminocarbonyl, NR3R4, --C(0)-Ti, -<:(0>-NR3-Ti, -NR3- 
C(0)-T,, -0-<:(0)-T,, -C(OH>^Ti, -0-^T2-NR3R4, -O-T2-OR3, -O-T2--CO2R3, 
-NR3-T2-NR3R4, -NR3-T2-OR3, -NR3-T2-^02R3 and -S(0)t-R3, 
wherein: 

=> R3 and R4, which are identical or different, each represents a group selected from a 
hydrogen atom and the groups linear or branched (Ci-C6)alkyl, aiyl, and 
aryl(C|-C6)alkyl in which the alkyl moiety may be linear or branched, or 
R3+R4 form together, with the nitrogen atom carrying them, a saturated. 
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monocyclic or bicyclic heterocycle which has from 5 to 10 atoms and optionally 
contains within the ring system a second hetero atom selected from oxygen and 
nitrogen and which is optionally substituted by a group selected from linear or 
branched (CrC6)alkyl, aryl, aryl(CrC6)alkyl in which the alkyl moiety may be 
linear or branched, hydroxy, linear or branched (Ci-C6)alkoxy, amino, linear or 
branched mono(Ci-C6)alMamino, and di(Ci-C6)alkylamino in which the alkyl 
moieties may be linear or branched, 

«=> Ti represents a group selected from linear or branched (Ci-C6)alkyl optionally 
substituted by a group selected from -OR3, -NR3R4, -<^02R3, -C(0)R3 and 
-C(0)NR3R4 wherein R3 and R4 are as defined hereinbefore, aryl, and aryKCrCe)- 
alkyl in which the alkyl moiety may be linear or branched, or Ti represents a linear 
or branched (C2-C6)alkenyl chain optionally substituted by a group selected from 
-OR3, -NR3R4, -CO2R3, -C(0)R3 and -C(0)NR3R4 wherein R3 and R4 are as 
defined hereinbefore, 

«=> T2 represents a linear or branched (Ci-C6)alkylene chain, 

^ t represents an integer from 0 to 2 inclusive, 

• Wi, with the carbon atoms to which it is bonded, represents a phenyl group or a pyridyl 
group. 



• W2 represents a group selected from: 




wherein R^ represents a group selected from a hydrogen atom and the groups linear or 
branched (CrC6)alkyl, aryl, aryl(C|-C6)alkyl in which the alkyl moiety may be linear or 
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branched, cycloalkyl, cycloalkyl(Ci-C6)alkyl in which the alkyl moiety may be linear or 
branched, -OR3, -NR3R4, -0-T2'NR3R4, -NR3-Tr-NR3R4, linear or branched (Ci-Ca)- 
hydroxyalkylamino, di((Ci-C6)hydroxyalkyl)amino in which the alkyl moieties may be 
linear or branched, <XO>-R3 and -NH-C(0>-R3, or represents a linear or branched 
(Ci-C6)alkylene chain optionally substituted by one or more identical or different groups 
selected from halogen atoms and the groups cyano, nitro, -OR3, -NR3R4, -CO2R3, ^(0)R3, 
linear or branched (Ci-C6)hydroxyalkylamino, di((Ci-C6)hydroxyalkyl)amino in which the 
alkyl moieties may be linear or branched, and -C(0>NHR3, the groups R3, R4 and T2 being 
as defined hereinbefore, 

• Xi represents a group selected from a hydrogen atom and the groups hydroxy, linear or 
branched (Ci-C6)alkoxy, mercapto and linear or branched (Ci-C6)aIkylthio, 

• Yi represents a hydrogen atom, or 

• Xi and Yi form together, with the carbon atom carrying them, a carbonyl or 
thiocarbonyl group, 

• X2 represents a group selected fi-om a hydrogen atom and the groups hydroxy, linear or 
branched (Ci-C6)alkoxy, mercapto and linear or branched (Ci-C6)alkylthio, 

• Y2 represents a hydrogen atom, or 

• X2 and Y2 form together, with the carbon atom canying them, a carbonyl or 
thiocarbonyl group, 

• Ri represents a group selected fi-om a hydrogen atom, a linear or branched (Ci-C6)alkyl 
group optionally substituted by one or more hydroxy, linear or branched (Ci-C6)alkoxy or 
linear or branched (CrC6)hydroxyalkoxy groups, or Ri represents a group of formula (a): 



^ Ra, Rb, Rc and Rd, which are identical or different, each independently of the others 




(a) 



wherein: 
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represents a bond or a group selected from a hydrogen atom, a halogen atom and the 
groups hydroxy, linear or branched (C|-C6)alkoxy, aryloxy, aryl(Ci-C6)alkoxy in 
which the alkoxy moiety may be linear or branched, linear or branched (Ci-C6)alkyl, 
aryl(Ci-C6)alkyl in which the alkyl moiety may be linear or branched, aryl, -NR3R4 
wherein R3 and R4 are as defined hereinbefore, azido, -N=NR3 (wherein R3 is as 
defined hereinbefore), and -0-C(0)-R5 wherein R5 represents a linear or branched 
(Ci-C6)alkyl group (optionally substituted by one or more groups selected fi-om 
halogen, hydroxy, amino, linear or branched (Ci-C6)alkylamino, and di(Ci-C6)- 
alkylamino in which the alkyl moieties may be linear or branched), or R5 represents 
aryl, aryl(Ci-C6)alkyl in which the alkyl moiety may be linear or branched, 
cycloalkyl or heterocycloalkyl, 

^ Re represents a methylene group (H2C=) or a group of the formula -Ui-Ra wherein 
Ui represents a single bond or a methylene group and Ra is as defined hereinbefore, 

^ n has the value 0 or 1 , 

it being understood that the group of formula (a) is bonded to the nitrogen atom by Ra, Rb, 
Rc, Rd or Rc, 

provided that when Wi, with the carbon atoms to which it is bonded, represents a phenyl 
group, then 

• Q represents a group selected fi-om an oxygen atom and a group NR2 wherein R2 
represents a group linear or branched (Ci-C6)alkyl, aryl, aryl(Ci-C6)alkyl in which the 
alkyl moiety may be linear or branched, cycloalkyl, cycloalkyl(Ci-C6)alkyl in which the 
aikyi moiety may be linear or branched, -OR3, -NR3R4, -0-T2-^3R4, -^3-T2^MR3R4, 
linear or branched (Gi-G6)hydroxyalkylamino, di((Ci-G6)hydroxyalkyl)amino in which tiie 
alkyl moieties may be linear or branched, -C(0)-R3 or -NH-C(0)-R3, or R2 represents a 
linear or branched (CrC6)alkylene chain optionally substituted by one or more identical or 
different groups selected fi-om halogen atoms and the groups cyano, nitro, -OR3, -NR3R4, 
-CO2R3, -C(0)R3, linear or branched (Ci-C6)hydroxyalkylamino, di((C|-C6)- 
hydroxyalkyl)amino in which the alkyl moieties may be linear or branched, and -C(0)- 
NHR3, the groups R3, R4 and T2 bemg as defined hereinbefore, 

provided also that when W|, with the carbon atoms to which it is bonded, represents a 
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pyridyl group, then 

• Q represents a group selected from an oxygen atom and a group NR2 wherein R2 
represents a group selected from a hydrogen atom and the groups linear or branched 
(Ci-C6)alkyl, aryl, aryl(Ci-C6)alkyl in which the alkyl moiety may be linear or branched, 
5 cycioaikyl, cycloalkyl(C|-C6)alkyl in which the alkyl moiety may be linear or branched, 
-OR3, -NR3R4, -O-T2-NR3R4, •-NRr-T2-4vJR3R4, linear or branched (C1-G6)- 
hydroxyalkylamino, di((Ci-C6)hydroxyalkyl)amino in which the alkyl moieties may be 
linear or branched, <XPyR2 and -NH-C(0)-R3, or R2 represents a linear or branched 
(C|-Ce)alkylene chain optionally substituted by one or more identical or different groups 
10 selected from halogen atoms and the groups cyano, nitro, -OR3, -NR3R4, -CO2R3, -C(0)R3, 
linear or branched (Ci-C6)hydroxyalkylamino, di((Ci-C6)hydroxyalkyl)amino in which the 
alkyl moieties may be linear or branched, and -C(0)-NHR3, the groups R3, R4 and T2 being 
as defined hereinbefore, 

15 their enantiomers, diastereoisomers and also addition salts thereof with a pharmaceuticaily 
acceptable acid or base, 

aryl being understood to be a phenyl, naphthyU dihydronaphthyl, tetrahydronaphthyU 
indenyl or indanyl group, each of those groups being optionally substituted by one or more 
identical or different substituents selected from halogen, linear or branched (Ci-C6)alkyl, 
20 linear or branched (Ci-C6)trihaloalkyl, hydroxy, linear or branched (Ci-C6)alkoxy, and 
amino optionally substituted by one or two linear or branched (Ci-C6)alkyl groups. 

2- Compounds of formula (I) according to claim 1, characterised in that Xi and Yi form 
together, with the carbon atom carrying them, a carbonyl group, and X2 and Y2 form 
together, with the carbon atom carrying them, a carbonyl group, their enantiomers, 

25 diastereoisomers and also addition salts thereof with a pharmaceuticaily acceptable acid or 
base. 

3- Compounds of formula (I) according to either claim 1 or claim 2, characterised in that Q 
represents a. group -NR2 wherein R2 is as defined for formula (I), their enantiomers, 
diastereoisomers and also addition salts thereof with a pharmaceuticaily acceptable acid or 
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base. 

4- Compounds of formula (I) according to any one of claims 1 to 3, characterised in that 
they represent compounds of formula (lA): 




A 



wherein R|, R2, Wi and Z are as defined for formula (I), their enantiomers, 
diastereoisomers and also addition salts thereof with a pharmaceutically acceptable acid or 

base, 

5- Compounds of formula (I) according to any one of claims 1 to 4, characterised in that 
they represent compounds of formula (IB): 




wherein Ri, R2 and Z are as defined for formula (I), their enantiomers, diastereoisomers 
and also addition salts thereof with a pharmaceutically acceptable acid or base. 



6- Compoimds of formula (I) according to any one of claims 1 to 4, characterised in that 
they represent compoimds of formula (IC): 
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(IC) 



wherein Ri, R2 and Z are as defined for formula (I), their enantiomers, diastereoisomers 
and also addition salts thereof with a pharmaceutically acceptable acid or base. 



7- Compounds of formula (I) according to any one of claims 1 to 3, characterised in that 
they represent compounds of formula (ID): 




wherein Ri, R2, R6, Wi and Z are as defined for formula (I), their enantiomers, 
diastereoisomers and also addition salts thereof with a pharmaceutically acceptable acid or 
base. 



8- Compounds of formula (I) according to any one of claims 1 to 3 and 7, characterised in 
that they represent compounds of formula (IE): 




wherein Ri, R2, R6 and Z are as defined for formula (I), their enantiomers, diastereoisomers 
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and also addition salts thereof with a pharmaceutically acceptable acid or base. 

9- Compounds of formula (I) according to any one of claims 1 to 3 and 7, characterised in 
that they represent compounds of formula (IF): 



(IF) 




wherein Ri, R2, R6 and Z are as defined for formula (I), their enantiomers, diastereoisomers 
and also addition salts thereof with a pharmaceutically acceptable acid or base. 



10 - Compounds of formula (I) according to any one of claims 1 to 3, characterised in that 
they represent compounds of formula (IG): 



(IG) 




10 wherein Ri, R2, Wi and Z are as defined for formula (I), their enantiomers, 
diastereoisomers and also addition salts thereof with a pharmaceutically acceptable acid or 
base. 



11 - Compounds of formula (I) according to any one of claims 1 to 3 and 10, characterised 
in that they represent compoimds of formula (IH): 
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(IH) 



wherein Ri, R2 and Z are as defined for formula (I), their enantiomers, diastereoisomers 
and also addition salts thereof with a pharmaceutically acceptable acid or base. 

12 - Compounds of formula (I) according to any one of claims 1 to 3 and 10, characterised 
in that they represent compounds of formula (II): 




wherein Rj, R2 and Z are as defined for formula (I), their enantiomers, diastereoisomers 
and also addition salts ttiereof with a pharmaceutically acceptable acid or base. 
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13- Compounds of formula (I) according to any one of claims 1 to 3, characterised in that 
they represent compounds of formula (IJ): 




(IJ) 



wherein Ri, R2, Wi and Z are as defined for formula (I), their enantiomers, 
diastereoisomers and also addition salts thereof with a pharmaceutically acceptable acid or 




14- Compounds of formula (I) according to any one of claims 1 to 3 and 13, characterised 
in that they represent compounds of formula (IK): 




(IK) 



wherein Ri, R2 and Z are as defined for formula (I), their enantiomers, diastereoisomers 
and also addition salts thereof with a pharmaceutically acceptable acid or base. 

15- Compounds of formula (I) according to any one of claims 1 to 3 and 13, characterised 
in that they represent compounds of formula (IL): 




(IL) 



10 wherein Ri, R2 and Z are as defined for formula (I), their enantiomers, diastereoisomers 
and also addition salts thereof with a pharmaceutically acceptable acid or base. 



16 - Compounds of formula (I) according to any one of claims 1 to 15, characterised in that 
Ri represents a hydrogen atom or a glucopyranosyl group of the formula: 



HO 
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their enantiomers, diastereoisomers and also addition salts thereof with a pharmaceutically 
acceptable acid or base. 

ITr Compounds of formula (I) according to any one of claims 1 to 16, characterised in that 
R2 represents a hydrogen atom or a linear or branched (Ci-C6)alkyl group, their 
enantiomers, diastereoisomers and also addition salts thereof with a pharmaceutically 
acceptable acid or base. 

18 - Compounds of formula (I) according to any one of claims 1 to 17, characterised in that 
R6 represents a hydrogen atom, their enantiomers, diastereoisomers and also addition salts 
thereof with a pharmaceutically acceptable acid or base. 

19 - Compounds of formula (I) which are : 

> pyrrolo[3^4':5,6]indolizino[8,7-b]indole-l,3[2/f,8/f|-dione, 

> ll-bromopyrrolo[3\4':5,6]indolizino[8,7-b]indole-l,3[2//,8//]-dione, 

> 1 1 -chloropyrrolo[3*,4*:5,6]indolizino[8,7-b] indole- 1 ,3 [2//,8//].dione, 

> imidazo[2^r:6,l]pyrrolo[3^4':4,5]py^ido[2,3-b]indole-l,3(2//,8//)-dione, 

their enantiomers, diastereoisomers and also addition salts thereof with a pharmaceutically 
acceptable acid or base. 

20 - Process for the preparation of compoimds of formula (I) according to claim 1, 
characterised in that there is used as starting material a compound of formula (II): 



wherein R2a represents a hydrogen atom or a methyl group and X|, Y|, X2 and Y2 are as 
defined for formula (I), 

which compound of formula (II) is treated with an alkylmagnesium halide in the presence 
of a compound of formula (HI): 
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(in) 



wherein W| and Z are as defined for formula (I), to yield a compound of formula (IV): 
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(IV) 



wherein Rza, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

which compound of formula (IV) is reacted with di-r^r/-butyl dicarbonate in the presence 
of 4-dimethylaminopyridine to yield a compound of formula (V): 



(V) 



wherein Boc represents a rerr-butylcarbonyloxy group and Ria, Xi, Yi, X2, Y2, Wi and Z 
are as defined hereinbefore, 
which compound of formula (V) is; 




• either treated with an alkylmagnesium halide in the presence of a pyrrolyl compound to 
yield a compound of formula (VI): 
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Boc 



wherein is as defined for formula (I) and Boc, R2a, Xj, Yi, X2, Y2, W| and Z are as 

defined hereinbefore, 

which compound of fonnuk (VI) is: 

* either irradiated with a halogen lamp to yield a compound of formula (I/a), which 
is a particular case of the compounds of formula (I): 




Boc 

wherem Boc, R^, Raa, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

which compound of formula (I/a) is optionally treated with formic acid to yield a 

compound of formula (I/b), which is a particular case of the compounds of formula (I): 




(I/b) 



H 

wherein Boc, R^, R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

* QZ treated with palladium black in the particular case where R^ represents a 
hydrogen atom, to yield a compound of formula (I/c), which is a particular case of the 
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compounds of formula (I): 




\ 

Boc 

wherein Boc, R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, which compound 
of formula (I/c) is optionally subjected to the same reaction conditions as the compound of 
formula (I/a) to yield a compound of formula (I/d), which is a particular case of the 
compounds of formula (I): 




H 

wherein R2a, Xi, Yi, X2, Y2, Wi and Z are as defined herembefore, 

• or treated with lithium hexamethyldisilazane in the presence of a pyrrolyl compound to 
yield a compound of formula (VII): 




(VII) 



wherein Boc^ R^, R2a* Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

which compound of formula (VII) is irradiated with a halogen lamp, in an apolar and 

aprotic solvent, to yield a compound of formula (I/e), which is a particular case of the 
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compounds of fonnula (I): 




(I/e) 



wherein Boc, R6, Ra,, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 
w^ch compound of fonnula (I/e) is optionally subjected to the same reaction conditions as 
the compound of fonnula (I/a) to yield a compound of formula (I/f), which is a particular 
case of the compounds of fonnula (I): 




wherein R^, Raa, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore. 
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• or treated with an alkylmagnesium halide in the presence of imidazole to yield a 
compound of formula (VIII).- 




(Vm) 



wherein R2a, Xi, Y|, X2, Y2, Wi and Z are as defined hereinbefore, 
which compound of formula (VIII) is treated with a compound of formula (DC): 

Ru-G (IX) 
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wherein R^, which is other than a hydrogen atom, has the same definition as R\ in 
formula (I) and G represents a hydroxy group or a leaving group^ 
to yield a compound of formula (X): 




5 wherein Ru, Ria? Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

which compounds of formula (X) are irradiated with a halogen lamp to yield compounds of 
formulae (I/gi) and (I/g2), which are particular cases of the compounds of formula (I): 




wherein Ria, Ria, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

10 which compounds of formulae (I/gi) and (l/gz) are optionally treated with manganese 
dioxide to yield compounds of foraiulae Q/hi) and (M12), which are particular cases of the 
compounds of formula (I): 




which compounds of fonnulae (I/hi) and (I/ha) are optionally subjected to the same 
reaction conditions as the compound of formula 0/a), in the particular case where Ria 
5 represents a /er/-butylcarbonyloxy group, to yield compounds of formulae (I/ii) and (I/ia), 
which are particular cases of the compounds of formula (I): 




(I/i,) W 
wherein R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

• or treated with an alkylmagnesium halide in the presence of an imidazolyl 
10 compound (XI); 




wherein R7 represents a secondary-amine-protecting group known to the person skilled in 
the art, to yield a compound of formula (XII): 
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H 

wherein R2a, Ry, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

which compound of formula (XII) is subjected to the same reaction conditions as the 
compound of foimuls (VIII) to yield a compound of fonnuls (XIH): 




(XIII) 



wherein Ru, R2a, R7, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

in which compound of formula (XIII) the imidazolyi ring is deprotected by conventional 
methods of organic synthesis known to the person skilled in the art to yield a compound of 
formula (XTV): 



10 




(XIV) 



wherein Ria, Ri^y X|, Yi, X2, Y2, Wi and Z are as defined hereinbefore. 



which compound of formula (XIV) is treated with palladium black to yield a compound of 
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formula (I/j), which is a particular case of the compounds of formula (I): 




wherein Ru, R2a, Xi, Yi, X2, Y2, W| and Z are as defined hereinbefore. 



which compound of formula (I/j) is optionally subjected to the same reaction conditions as 
the compounds of formula (I/h) to yield a compound of formula 0/k), which is a particular 
case of the compounds of formula (I): 

(I/k) 



wherein Ria, X|, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

• or treated with an alkylmagnesium halide in the presence of an imidazolyl 
compound (XV): 

/^\^S_Ph 

\\ // (XV) 

wherein R7 is as defined hereinbefore, to yield a compound of formula (XVI): 
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H 

wherein R^, R?, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

which compound of formula (XVI) is treated with Raney nickel to yield a compoimd of 
fomula QCVn); 




(xvn) 



H 

wherein Ria, R7, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

which compound of formula (XVII) is subjected in succession to the same reaction 
conditions as the compounds of formulae (XII) and (XIII) to yield a compound of 
formula (XVffl): 




(xvm) 



wherein Ria, Raa, X|, Yi, X2, Y2, Wi and Z are as defined hereinbefore. 



which compound of formula (XVIIl) is: 
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* either irradiated with a halogen lamp in the presence of palladium-on-carbon to 
yield a compound of formula (I/l), which is a particular case of the compounds of 
formula (I): 




wherein Ru, R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

which compound of formula (I/l) is optionally subjected to the same reaction conditions as 
the compounds of formula (l/ti) to yield the compounds of formula G/m), which are a 
particular case of the compounds of formula (I): 




(I/m) 



H 



wherein R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

♦ QZ subjected to the same reaction conditions as the compound of formula (XTV) to 
yield the compounds of foraiula (I/n), which are a particular case of the compounds of 
formula (I): 
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wherein Ria, R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

which compounds of formula (I/n) are optionally subjected to the same reaction conditions 
as the compounds of formula (I/l) to yield the compounds of formula (I/o), which are a 
5 particular case of the compounds of formula (I): 




(I/O) 



H 



wherein Ria, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore. 



the compounds of formulae (I/a) to (I/o) constituting the compoimds of formula (Up): 




10 wherein A, Ri, R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore. 



which compound of formula (JJp) is optionally treated with aqueous sodium hydroxide and 
then placed in tiie presence of hydrochloric acid to yield a compound of formula (Vq), 
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which is a particular case of the compounds of formula (I): 




(I/q) 



wherein A, Ri, Xi, Yi, X2, Y2, Wi, W2 and Z are as defined hereinbefore, 

which compound of formula (I/q) is optionally treated with a compoimd of fomiula (XIX): 

R2b-NH2 (XIX) 

wherein R2b, which is other than a hydrogen atom and a methyl group, is as defined for R2 
in formula (I), to yield a compound of formula (I/r), which is a particular case of the 
compounds of fomiula (I): 



wherein A, Ri, R2b* Xi, Yi, X2* Y25 Wi, W2 and Z are as defined hereinbefore, 

which compounds of formulae (I/a) to (I/r) constitute the totality of the compounds of 
formula (I), which are purified, where necessary, according to conventional purification 
techniques, which may be separated, if desired, into their different isomers according to a 
conventional separation technique, and which are converted, if desired, into their addition 
salts with a pharmaceutically acceptable acid or base. 

21 - Process for the preparation of compounds of fomiula (I) according to claim 1 wherein 
W2 has the particular definition: 
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\ 



N 




can be prepared starting from a compound of formula (XX): 

Z. 
W 



H H 



(XX) 



wherein Wi and Z are as defined for formula (I), 

which compounds of formxila (XX) are reacted with a compound of formula (XXI); 



X 




(XXI) 



wherein R2, Xi, Yi, X2 and Y2 are as defined for formula (I), 
to yield a compound of foimida (XXH): 




(xxn) 



H H 

wherein R2, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

which compound of formula (XXII) is treated with palladium-on-carbon to yield 

compound of formula (I/s), which is a particular case of the compounds of formula (I): 




(I/s) 



wherein R2, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore. 
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which compound of formula (Us) is purified, where necessary, according to conventional 
purification techniques, may be separated, if desired, into its different isomers according to 
a conventional separation technique and is converted, if desired, into its addition salts with 
a phamiaceutically acceptable acid or base, 

22- Pharmaceutical compositions comprising as active ingredient at least one compoimd of 
formula (I) according to any one of claims 1 to 19, alone or in combination with one or 
more inert, non-toxic, pharmaceutically acceptable excipients or carriers. 

23 - Pharmaceutical compositions according to claim 22 for use as medicaments in the 
treatment of cancers. 
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La presente invention conceme de nouveaux d6riv6s de pyrrolo[3,4-c]carbazole et de 
pyrido[2,3-b]pyrrolo[3,4-e]indole, leur proc6de de preparation et les compositions 
pharmaceutiques qui les contiennoat. 

Les besoins de la therapeutique anticancereuse exigent le developpement constant de 
5 nouveaux agents antiprolif6ratifs, dans le but d'obtenir k la fois des medicaments plus 
actifs et mieux toleres. Les composes de la presente invention presentent notamment des 
proprietes anti-tumorales, les rendant ainsi utiles dans le traitement des cancers. 

Les demandes de brevets WO 95/07910 et WO 96/04906 decrivent des derives d'indole et 
les revendiquent d'une part pour levir activite antivirale et d' autre part pour le traitement et 

10 la prevention de la restenose. Les demandes de brevet WOOO/47583, WO 97/21677 et 
WO 96/11933 pr6sentent des d6riv6s de cyclopenta[g]pyrrolo[3,4-e]indole fusionnes par la^ 
partie indole et la partie cyclopentdne des derives, k un systeme cyclique aromatique ou^; 
non aromatique, et comportant 6ventuellement .des het6roatomes, Ces compose possSdenti 
des activit6s pharmacologiques les rendant notamment utiles dans le traitement du cancer/- 

15 La demande de brevet WO 01/85686 decrit des deriv6s de pyrrolo[3,4-c] carbazole utUes*"* 
dans le traitement des maladies neurodegeneratives, des inflammations, de risch6mie et du"! 
cancer. 

Plus particulierement, la presente invention conceme les composes de formule (I) : 




20 dans laquelle : 

• A. repr6sente un cycle a 6 sommets satur6, partiellement ou totalement insatur6 pouvant 
6ventuellement conf6rer mi caractdre aromatique au cycle, 
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Z represente un groupement de formule U-V dans laquelle : 
y U represente une liaison simple ou une chatne alkyl^ne (Ci-Cg) lin^aire ou ramifi6e, 
6ventuellement substituee par xm ou plusieurs groupements, identiques ou differents, 
choisis parmi halogene et hydroxy, et/ou contenant eventuellement une ou plusieurs 
insaturatdons. 



y V represente un groupement * choisi~parini'"atbme~d^^^^ 

groupement cyano, nitro, azido, alkyle (Ci-Ce) lineaire ou ramifie, aryle, arylalkyle 
(Ci"C6) liheaife ou ramifie, hydroxy, alkoxy (Ci-Ce) lineaife ou ramifie, aryloxy, 
arylalkoxy (Ci-Ce) lineaire ou ramifie, formyle, carboxy, aminocarbonyle, NR3R4, 
10 -C(0)-Ti, -C(0>-NR3-Ti, -NR3-C(0>-Ti, -0-C(0)-Ti, -C(0>-O-Ti, -O-T2- 

NR3R4, -O-T2-OR3, -O-T2-CO2R3, -NR3-T2-NR3R4, -NR3-T2-OR3, -NR3-T2~ 
CO2R3, ou-S(0)r-R3, 
dans lesquels : 

«=> R3 et R4, identiques ou differents, representent chacun un groupement choisi parmi 
15 atome d'hydrog^ne, groupement alkyle (Ci-Ce) lin6aire ou ramifie, aryle, ou 

arylalkyle (Ci-Ce) lineaire ou ramifi6, ou 

R3+R4 forment ensemble, avec Tatome d*azote qui les portent, un heterocycle de 5 a 
10 atomes, monocyclique ou bicyclique, sature, contenant eventuellement au sein 
du systeme cyclique ^xa second heteroatome choisi parmi oxygene et azote, et etant 
20 eventuellement substitue par un groupement choisi parmi alkyle (Ci-C^) lineaire ou 

ramifie> aryK arylalkyle (Ci-Ce) lineaire o u ramifie, hydroxy, alkoxy (Ci-Cg) 

— — — — -' > I W * , — , ■ , — i ^ i 



^neair-e^-on^rarh^^^ ' lif>ftgirft niT Tafnifift— rsiT 
dialkylamino (CrCe) lineaire ou ramifie, 



Ti represente -un groupement choisi- parari-tilkyle (Gi-C^) l^ 




-y icculcumiu iC, j d i y lc, ai3^lA fej)lc"^(Ci-t!^6r ^^ ^ iiain ifi C, o ii unu cMffiS^iH@ ay^^ 

(C2-C6) lin6aire ou ramifiee eventuellement substitu6e par un groupement choi si 



.30 sont tels que definis prec6demment 



«=> T2 represente une chalne alkylene (Ci-Ce) lineaire ou ramifiee, 
^ t represente un entier compris entre 0 et 2 inclus. 



• Wi represente, avec les atomes de carbone auxquels il est vai groupement pMnyle 
ou un groupement pyridinyle. 



o W2 repr6sente im groupement choisi paimi : 




dans lesquelles represente un groupement choisi panni atome dliydrogfene, groupement 
alkyle (Ci-Q) lin6aire ou raimfi6, aryle, arylalkyle (Ci-Ce) lin6aire ou ramifie, cycloalkyle,' 
cycloalkylalkyle (Ci-Q) lineaire ou ramifi6, -OR3, -TnIR3R4, -O-T2-NR3R4, -NR3-T2-MR3R4/ 
hydroxyalkylamino (CrCe) lineaire ou ramifie, di(hydroxyalkyl) amino (Ci-Ce) lineaire 
ou raraifie, -C(0)-R3> hNH-C(0)-R3, et une chatoe alkylene (Ci-Ce) lineaire ou ramifie, 
eventuellement substituee par un ou plusieurs groupements, identiques ou differents, 
choisis parmi atomes d'halogene, groupements cyano, rdtro, -ORa,, -NR3R4, ~C02R3, 
-C(0)R3, hydroxyalkylamino (Ci-Cc) lin6aire ou ramifie, di(hydroxyalkyl)amino (Ci-Q) 
lineaire ou ramifie, ou -C(0>NHR3, les groupements R3, R4 et T2 ayant les memes 
significations que pr^cedemment, 

• Xi represente un groupement choisi parmi atome d'hydrog^ne, groupement hydroxy, 
alkoxy (Cj-Ce) lin6aire ou ramifi6, mercapto, et alkylthio (Cj-Ca) lineaire ou ramifi6, 

• Yi represente un atome d'hydrogene, ou 

• Xi et Yi ferment ensemble, avec I'atome de carbone qui les porte, un groupement 
carbonyle ou thiocarbonyle, 

• X2 represente un groupement choisi parmi atome d'hydrogene, groupement hydroxy, 
allcoxy (Ci-Ce) lineaire ou ramifi6, mercapto, et alkylthio (Ci-Ce) lin6aire ou ramifi6, 



-4- 



o Y2 represente un atome d'hydrogene, ou 

• X2 et Y2 ferment ensemble, avec Tatome de carbone qui les porte, un groupement 
carbonyle ou thiocarbonylei 



10 



15 




• Ri represente un groupement choisi parmi atome d'hydrogene, groupement allcyle (Ci- 
C6) lineaire ou ramifie eventuellement substitud par un ou plusieurs groupements hydroxy, 
alkoxy (C1-C6) lineaire ou ramifie, hydroxyalkoxy (Ci-Ce) lineaire ou ramifi6, ou un 
groupement de formule (a) : ' 



(a) 



dans laquelle : 

y Ra> Rbs Rc et Rd identiques ou differents, independamment Tim de Fautre, 
representent chacun ime liaison ou un groupement choisi parmi atome d'hydrogene, 
atome d'halogene, groupement hydroxy, alkoxy (Ci-Ca) lineaire ou ramifie, aryloxy, 
arylalkoxy (C1-C6) lin6aire ou ramifie, alkyle (Ci-Ce) lin6aire ou ramifi6, arylalkyle 
(Ci-Ce) linSaire ou ramifi6, aryle, -NR3R4 dans lequel R3 et R4 sont tels que d6finis . 
precedemment, azido, -N=NR3 (dans lequel R3 est tel que defini precddemment), et 
-0-C(p)-R5 dans lequel R5 repr6sente un groupement alkyle (Ci-Ce) lineaire ou 
raniifi6 (6ventuellement substitu6 par un ou plusieurs groupements choisis parmi 



(Ci-Ce) lineaire ou ramifi6), aryle, arylalkyle (Ci-Ce) lineaire ou ramifi6. 



20 ^cloalkyle, ou h6t6rocycloalkyle. 



-Rn-dans la quelle U i -represente une4iaison-simple ou-un-groupemen^ 



r.=^-.:= -^K-n-est iel ■■qu£Mtmy>r.^cSd^Sment,^^^^ 



n prend la valeur 0 ou 1, 



"25 etant entendu que ie groupement de formule (a) est lie"§rraLome d'azole pai Ra, Rb, Rc, R<j 



ou R^, 



6tant entendu que lorsque Wi represente, avec les atomes de carbone auxquels il est lie, un 
groupement ph&iyle alors. 




« Q reprdsente iin groupement choisi parmi atome d'oxygene ou un groxipement NR2 
dans iequel R2 represente un groupement alkyle (Ci-Ce) lin6aire ou ramifi6, aryle, 
arylalkyle (Ci-Ce) lin6aire ou ramifi6, cycloalkyle, cycloalkylalkyle (Ci-Q) lineaiie ou 
lamifie, -NR3R4, -C)-T2-NR3R4, -l>JR^T2"]SIRsR4, hydroxyalkylaniino (Ci-Cg) 

5 lin6aire ou ramifi6, di(hydroxyalkyl)aniino (Ci-Ca) lineaire ou ramifie, -C(0)-R3, 

-NH-C{OHl3, ou une chaJae alkyleae (Cj-Q) lineaire ou ramifie, dventuellement 
substituee par im ou plusieurs groupements, identiques ou differents, choisis parmi 
atoraes d'halogene, groupements cyano, nitro, -OR3, -NR3R4, -CO2R3, -C(0)R3, 
hydroxyalkylamino (Ci-C^) lineaire ou ramifie, di.(hydroxyalkyl)aniino (Ci-Ce) lineaire 
10 ou ramifie, ou -C(0)-NHR3, les groupements R3, R4 et T2 ayant les memes significations 

que prec6demment, 

6tant aussi entendu que lorsque Wi rqpr6sente avec les atomes de carbone auxquels il est 
lie, un groupement pyridinyle alors, 

• Q represente un groupement choisi parmi atome d'oxygfene ou un groupement NR2 
15 dans Iequel R2 repr&CTite un groupement choisi parmi atome d'hydrogene, groupement 

alkyle (Ci-Ce) lin6aire ou ramifie, aryle, arylalkyle (CrCe) lineaire ou ramifid, 
cycloalkyle, cycloalkylalkyle (Cj-Ce) lineaire ou ramifie, -OR3, -4SlR3li4, -O-Ts-NRaRj, 
-NR3-T2-NR3Rt, hydroxyalkylamino (Ci-Ce) lineaire ou ramifiie, ' 
di(hydroxyalkyl)amino (Ci-Ce) lin6aire ou ramifie, -CXO)-R3, -K1H-C(0)-R3, et une ch^e 
20 alkylene (Ci-Ce) lin6aire ou ramifie, eventuellement substituee par un ou plusieurs 

groupements, identiques ou differents, choisis parmi atomes dlialogfene, groupements 
cyano, nitro, -OR3, -NR3R1, -CO2R3, -C(0)R3, hydroxyalkylamino (CrCo) lin6aire ou 
ramifie, di(hydix>xyalkyl)amino (C1-C6) lineaire ou ramifie, ou -C(0>-NHR3, les 
groupements R3, R4 et T2 ayant les mSmes significations queprec6demment, 

25 leurs enantiomferes, diast6r6oisomeres, ainsi que leurs sels d'addition a un acide ou k une 
base pliarmaceutiquement acceptable, 

etant entendu que par aryle, on comprend un groupement phenyle, naphtyle, 
dihydronaphtyle, tetrahydronaphtyle, ind^nyle ou indanyle, chacim de ces groupements 
etant eventuellement substitu6 par un ou plusieurs groupements, identiques ou differents, 
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choisis paniii halogene, alkyle (Ci-Cg) lin6aire ou ramifie, trihalogdnoalkyle (Ci-Ce) 
lin6aire ou ramifi6, hydroxy, alkoxy (Ci-Ce) lin6aire ou rainifi6, et amino eventuellement 
substitue par un ou deux groupements alkyle (Ci-Ce) linaire ou ran3ifl6. 

Pairoi les acides phamiaceutiquement acceptables, on peut citer a titie non limitatif les 
5 acides chlorhydrique, bromliydrique, sulfurique, phosplionique, acetique, trifluoroacetique, 
lactique, pyruvique, malonique, succinique, glutarique, fiimarique, tartrique, maleique, 
citrique, ascorbique, oxalique, methane sulfonique, camphorique, etc., 

Parmi les bases pharmaceutiquement acceptables, on peut citer a titre non limitatif 
rhydroxyde de sodium, ITiydroxyde de potassiimi, la tri6thylamine, la tertbutylamine, etc... 

10 Les composes preferes de Tinvention sont ceux pour lesquels Xi et Yi forment ensemble, 
avec Tatome de carbone qui le porte, un groupement carbonyle, et X2 et Y2 format 
ensemble avec Vatome de carbone qui les porte, un groupement carbonyle. 

D'une fafon intferessante, le groupement Q pref6re selon Tinvention est le groupement NR2, 
dans lequel R2 est tel que defmi dans la fonnule (I). 



15 Selon une variante avantageuse, les composes preferes de I'invention sont les composes de 
: . . „ . : : fonnule (1) repondantplus particulieremont a la fonnule (lA) : - . - 






















^ — —^^W = =^ 












cans laquelie R2, W i 


etz sontiels qUe debiiis uans la lormule (i).. 







■S elon ime d eMxia;ma-jycadani:e^^ r.nTnpn<;<&,<s prftf^rftR Hft ViTivRntinn snnt lea 



20 composes de formule (I) r6pondant plus particulierement k la formule (IB) : 




(IB) 



daas laquelle Ri, R2 et Z sont tels que d6fims dans la foimule (I). 

Selon ime troisieme variante avantageuse, les composes pr6fer6s de I'invention sont les 
composes de formule CO r6pondant plus particuliferement k la fonnule (IC) : 



ac) 




dans laqueUe Rj, R2 et Z sonf tels que d^jfinis dans la fonnule (I). 



Selon une quatrieme variante avantageuse, les composes prefer6s de I'invention sont les 
compos6s de fonnule Q) rdpondant plus particuUdrement k la fonnule (ID) : 



(ID) 




dans laquelle Ri, Rj, Re, Wi et Z sont tels que d^finis dans la fommle (I). 



Selon une cinquifeme variante avantageuse, les compos6s pr6fer6s de invention sont les 
composes de fonnule (I) repondant plus particulierement k la formule (IE) : 




dans laqxielle Rt, R2, Re et Z sont tels que d6finis dans la fonnule (I). 

Selon une sixieme variaate avantageuse, les composes prefer6s de rinvention sont les 
composes de fonnule (1) repondant plus particulierenaent a la fonmile (IF) : 




dans laquelle Ri, R2, Rg et Z sont tels que d<Sfinis dans la formule (I). 



Selon une septifenae variante avantageuse, les compos6s pr6fer6s de rinvention sont les 




10 dans laquelle Ki, K2, Wi et som lels que deiinis dans la furniulc (I). 



Selon une huitieme variante avantageuse, les composes pr^f6r6s de rinvention sont les 
compos6s de fonnule (I) r6pondant plus particuliferement k la fonnule QH) : 




Selon une neuvi^me variante avantageuse, les composes preferes de rinvention sont les 
composes de fonnule (I) repondant plus particiiiierement a la fonnule (IQ : 



5 




dans laquelle Ri, R2 et Z sont tels que definis dans la formule (I). 



Selon une dixifeme variante avantageuse, les composes prefer6s de Tinvention sont les 
composes de fonnule (I) repondant plus particulierement a la fonnule (U) : 




(D) 



10 dans laquelle Ri, R2, W| et Z sont tels que definis dans la fonnule (I). 



Selon une onzi^me variante avantageuse, les compos6s pr6fer6s de Tinvention sont les 
composes de fonnule (I) repondant plus particulierement ^ la fonnule (IK) : 
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dans laquelle Ri, R2 et Z sont tels que definis dans la formule (I). 

Selon une douzieme variante avaatageuse, les composes preferes de rinvention sont les 
composes de formule (I) repondant plus particulierement a la foraiule (JL) : 



(IL) 




dans laquelle Ri, R2 et Z sont tels que definis dans la fomiule (I). 





10 D'une fa9on int6ressante, le groupement R2 prefere selon Vinvention est Tatome 



uilhydixjgeneLetle-groxrpement alkyle-C-Ci-JC:^) 1in6aire-OUjamifii6. 



D'llne fa9on ^Vantgggd se, le groupenienl Re pr6f6i6 selon I'mvenlion est Tatome 
d'hydrogene. 
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Les composes preferes de riuvention sont le : 

> pyirolo[3\4':5,6]indolizuio[8,7-b]indole-l,3[2i:f,8fi3-d^^^ 

> 1 l-b^omopyn•olo[3^4':5,6]indolizmo[S,7-b]mdole-13[2H;8^?] 

> 1 l-chloropyrrolo[3^4':5,6]indoli2mo[8,7-b]mdole43[2/^^ 

> imida2o[2\l':6,l]pyxTOlo[3;4':4,5]pyrido[2,3-b]mdole^ 

Les enantiomeres, diastereoisom^res ainsi que les sels d'addition k un acide ou a une base 
phannaceutiquement acceptable des composes pref6res font partie integrante de 
rinvention- 

La pr6sente invention conceme aussi le precede de preparation des composes de formule 
(I), caracterise en ce qu'on utilise comme produit de depart un compose de formule (II) : 




Br Br 



dans laquelle R2a represente un atpme d'hydrogene ou un groupement methyle et, Xi, Yi, . 
X2 et Y2 sont tels que definis dans la formule (I), 

compose de formule (II) qui est traite par vxi halogenure d^alkybnagnesixmi en presence 
d'un compose de formule (HI) : 

Z 

dans laquelle Wj et Z sont tels que definis dans la formule Q), pour conduire au compos6 
de formule (IV) : 
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dans laquelle R2a, Xi, Yi, X2, Y2, Wi et Z sont tels que definis pr6cedemment, 

compose de formula (IV) qui est mis k r6agir avec du di-^err-butyl-dicarbonate en presence 

de 4-dimel3iylaniinopyridine pour conduire au compose de formule (V) : 




(V) 



dans laquelle Boc represente un groupement terf-butylcarbonyloxy et R2a» Xi, Yi, X2, Y2, 
Wi et Z sont tels que deJBnis pr6c6demment, 
compos6 de foimule (V) qui est : 



® soit traite par un halogenure d'alkylmagn6sium en presence d'un dOTve pyrrolylique pour 
conduire au compos6 de formule (VI) : 




(VI) 
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_dansjaiiuelle R6 est tel que defini dan s la formule (I) et Boc, R2a? Xi, Yi, X2> Yzy Wi et Z 



. sont tels ^ue d efird s j)reced enirn^^ 



r:,-. z:±r : * :§o|t:OTadierpar-:^^ 
15 particulier des composes de formule (I) : 
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Boc 

dans laqueUe Boc, Rja, Xi, Yj, X2, Y2, Wi et Z sont tels que d^finis pr6c6deiiiment, 
compos6 de formule (I/a) qui est dventuellement traite par de I'acide fomiique pour 
conduire au compos6 de formule (I/b), cas particulier des composes de foimule (I) : 



dans laquelle Boc, Rg, Rja, Xi, Yi, X2, Y2, Wi et Z sont tels que d6j5nis pr6c6demment. 




* salt traits par du palladium black dans le cas particulier ou Re repr6sente un atome 
dliydrog^jne, pour conduire au compose de formule (I/c), cas particulier des compos6s de 
formule (T) : 




(I/c) 



dans laquelle Boc, Rja, X,, Yi, X2, Y2, W, et Z sont tels que d6finis prec6demment, 
composd de formule (I/c) qui est 6ventuellement soumis aux mSmes conditions de reaction 
que le compos6 de fonnule (I/a), pour conduire au compos6 de formule (I/d), cas 
particulier des composes de formule (I) ; 
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(I/d) 



dans laqueUe Raa, Xi, Yi, X2, Y2, Wi et Z sont tels que d6fims pr6c6demment. 



• soit traLte par du lithium d'hexara6thyldisilazane en pi-esence d'vxi derive pyrrolylique 
pour conduire au compose de formule (VII) : 



(VE) 




dans laquelle Boc, R^, R2a, Xi, Yi, X2, Y2, Wi et Z soBt tels que definis prec6dexxuiient, 
compose de fonnule (VII) qui est irradi6e par une lainpe halogene, dans un solvant 
apolaire et aprotique^ pour conduire au compose de formule (I/e), cas particulier des 
composes de formule (I) : 




compose de formule (!7e)"qm est eventueff^enl'soum 

que le compose de formule (I/a), pour conduire au compose de formule (I/f), cas particulier 
des composes de formule Q) : 
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H / 

dans laquelle R^, R2a> Xi, Yi, X2, Y2, Wi et Z sont tels que d6firas prec6deinment, 

♦ soit traite par un halogenure d'alkylmagnesiutn en presence d^imidazole pour conduire au 
compose de formule (VIII) : 




(vm) 



H 



dans laquelle R2a, Xi, Yi, Xo, Y2, Wi et Z sont tels que d6fmis precedennnent, 
compose de formule (VIII) qui est traite par un compose de formule (IX) : 

Ria-G (IX) 

dans laquelle Ru, different de Tatome dliydrogene, a la meme definition que Ri dans la 
fomiule (I) et G repr6sente un groupement hydroxy ou un groupement partant, 
pour conduire au compose de formule (X) : 




(X) 



dans laquelle Ru, R2a, Xi, Yi, X2, Y2, Wi et Z sont tels que definis prec6demment, 
composes de fonmile (X) qui sont iiradies par une lampe halogene pour conduire aux 




composes de formules (I/gi) et (I/ga) qui sont eventuellement traites par du dioxyde de 
5 manganese pour conduire aux composes de formules (l/hi) et (I/h2), cas particulier de 



formule (I) : 




(I/hi) Q/ih) ,_ _ 

— daiisJesquellesRia^R2a> X^Yi, X2, :Y2,:W4 ej:_Zmntiels^ue definis 1——^ 



composes de . form ules (I/lii) et (IZh2)> sont eventuellement soumis aux memes 

10 condilioiJLs- de r6aclioii que-l e- co mpo s 6 ^ de - r oi i u ul e^C^ar)7^dB i^ 

represente un groupement ter/-butylcarbonyloxy, pour conduire aux composes de formules 
~~ -^&ii^et=^I;^)rc^a^ • 7: — - ~ 




O/i,) 
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dans lesquelles R2a, Xi, Yi, X2, Y2, Wi et Z sont tels que d6finis pr6c6denmient. 



• salt trait6 par un halog6nure d'alkylmaga^ium en presence d'un d6riv6 imidazolyle 
(XI): 



o 

N ' 



dans leqiael R7 represente im groupenieixt protectem- diamines secondaires bien connu de 
ITiomme du metier, pour conduire au compose de fomiule (XII) : 




(xn) 



dans laquelle R2a, R7, Xu Yi, X2, Y2, Wi et Z sont tels que definis precedemment. 



10 compose de fomiule (XII) qui est soumis aux memes conditions de reaction que le 
compos6 de fonnule (VIII), pour conduire au compose de fonnule (XIII) : 
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(xno 



"dan^aqueJle Kja, R2iTR.7V AijTi, A2, Y2, WfeTZsorit fels que defiutnspfec^^ 



compose de formule (XIII) dent le cycle imidazolyle est d6prot6gee selon des m6thodes 
classiques de la synthase organique bien connu de ITiomme du metier, pour conduire au 
compos6 de formule (XIV) : 




NH 



(XIV) 



dans laquelle Ru, R2a, Xi, Yi, X2, Y2, Wi et Z sont tels que definis precedemment. 



-^ompose-de-formule-(XW-)-qui-est-ti*ait6-pai-du-paUa^^^ 

de formule (I/j), cas particulier des-compos6s de formule (T) : ~ 




dans laquelle Ria, R2a, Xi, Yi, Xi', YirWV et Z sont tels que d6finis pr6cediemment, 
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composes de formule (I/j) qui est eventuellement soumis aux mSmes conditions de reaction 
que les composes de formule (I/h), pour conduire au compose de formule (I/k), cas 
particulier des composes de formule (J) : 




dans laquelle R2a, Xu Yi, X2, Y2, Wi et Z sont tels que definis pr6cedeniment, 

• soit traite par un halogenure d'alkybnagnesium en presence d'un derive imidazolyle 
(XV) : 




(XV) 



dans laquelle Ry est tel que defini pr6c6demment pour conduire au compose de formule 
PCVI): 




(XVI) 



H 

dans laquelle R2a, Rv, Xi, Yi, X2, Y2, Wi et Z sont tels que definis pr6c6demment. 



compose de formule (XVI) qui est traits par du nickel de Raney pour conduire au compose 
de formule (XVH) : 




dans laquelie R2a, R7, Xi, Yi, X2, Y2, Wi et Z sont tels que d6finis pr6c6deminent, 



compose de formule (XVII) qui est soumis successivement aux m&nes conditions de 
reaction que les composes de formoles (XD) et (Xm), pour conduire au compos6 de 
5 fonnule (XVni) : 

V-NH (XVIII) 
dans laquelie Ru, Rja, Xi, Yj, X2, Y2, Wi et Z sont tels que definis pr^cedenmient. 





* soit irradi6 par une lamp'e'halbg^e en presence de jpalladiuin sur charbon, pour 




dans laquelie Ria, Rza, Xi, Yi, X2, Y2, Wj et Z sont tels que definis precSdemment, 
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composes de fonnule (I/l) qui est 6ventuellement soumis aiix memes conditions de reaction 
que les composes de fomiule (SJh) pour conduire aux composes de fomule (I/m), cas 
particulier des composes de fonnule (I) : 




(I/m) 



dans laqueUeR2a> Xi, Yi, X2, Y2, Wi et Z sont tels que defmis precedemment, 

* soit soumis aux mSmes conditions de reaction que le compose de foimule (XIV), 
pom- conduire aux composes de fomiule (I/n), cas'particulier des composes de formule (I) : 




dans laquelle Ria, Raa, Xi, Yu X2, Y2, Wi et Z sont tels que d6finis pr6c6demment, 

composes de formule (I/n) qui est eventuellement soumis aux mSmes conditions de 
reaction que les compos6s de formule (I/l) pour conduire aux compos6s de formule (I/o), 
cas particulier des composes de formule (I) : 




H 
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dans laquelle R2a, Xj, Yi, X2> Y2, Wi et Z sont tels que definis precedemment, 



les composes de fomiules (I/a) k (I/o) fomiant les composes de fomaule (1/p) : 




dans laqueUe A, Ri, Raa, Xi, Yi, X2, Y2, Wi et Z sont tels que dejanis precedeinment. 



5 compose de formule (Up) qui est eventuellement traite par de la soude aqueuse puis place 
en presence d'acide chlorhydrique pour conduire au compose de fonnule (I/q), cas 
particulier de composes de formule (I) : 




-aans-laqueneOT^Crr^CiT^^ .... . '7-7—7^ 



10 composes de fonnuIe (I/q) qui est 6ventuellement traite-par un compose de fonnule (XIX) : - - 

dans laquelle R2b, difiKrent de Tatome d^hydrogene et groupement methyle, a la meme 
— d efimfion^que^^rnaai^ pouF-condiiife- ~ 

particulier des composes de formule (I) : 




dans laquelle A, Ri, R2b, Xi, Yu X2, Y2, Wi, W2 et Z sont tels que d6fmis pr6c6deminent, 

les composes de formule (I/a) a (I/r) fomiant Tensemble des composes de formule (I), que 
Ton purifie, le cas echeant, selon des techniques classiques de purification, qui peuvent, si 
5 on le desire, etre separes en leurs differents isomeres, selon une technique classique de 
separation et que Ton transforme, si on le souhaite, en leurs sels d'addition k un acide ou a 
une base phaimaceutiquenaent acceptable. 

Selon une variante de rinvention, les composes de foimule (I), dans le cas ou W2 prend la 
dejBbtiition particulifere : 

\ 




peuvent 6tre prepares a partir d'un compost de formule (XX) : 




(XX) 



dans laquelle Wi et Z sont tels que definis dans la formule Q, 

composes de fomiule (XX) que Ton fait reagir avec un compos6 de formule (XXI) : 

dans laquelle R2, Xi, Yi, X2 et Y2 sont tels que definis dans la fomnule (1), 
pour conduire au compose de formule (XXII) : 
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(xxn) 



dans laquelle R2, Xi ^ Yi , X2, Y2, Wi et Z sont tels que defmis precedemment, 

compose de fonnule (XXII) qui est traite par du palladium sur charbon, pour conduire au 

compose de foraiule (I/s), cas particulier des composes de formule (I) : 




dans laquelle R2, Xi, Yu X2, Y2, Wi et Z sont tels que definis pr6c6demment, 

le compose de fonnule (I/s), que Ton purifie, le cas echeant, selon des techniques 
classiques de purification, qui peut, si on le desire, etre separe en ses differents isomeres, 
- ' . - 3el^gn jjiierteclini de separation ^et q ue I'on transforme, sr on le souliaitereai ses— 

-10-^ sels-d^dditioH-ab-ui^t-aegde-ou-i-UH^^ — 

. . Les composes de fomiule (II), (in),.(fX), (XI), (XV), (XIX), (XX) et (X3Q,.sont , . 

c omposes=-"TO^^ 

organique Jfaci lement accessibles a.rhQmmejiu.metier. ^ _ ^ 

Les co mposes d e formule (I) p r6sentent d es proprietes a nti-tumor ales particulie rement 

15 int6ressantes. Les propriet6s caract6ristiques de ces compos6s permettent leur utilisation en 
therapeutique en tant qu'agents antitumoraux. 

La presente invention a egalement pour objet les compositions pharmaceutiques contenant 
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comme principe actif au moins \m compose de fonnule (I), ses isomferes optiques, ou un de 
ses sels d'addition a un acide ou k une base pharmaceutiquement acceptable, seul ou en 
combinaison avec un ou plusieurs excipients ou vehicules inertes, non toxiques, 
pharmaceutiquement acceptables. 

5 Pamii les compositions pharaiaceutiques selon Tinvention, il sera cite plus particuli^rement 
celles qui conviennent pour radministration orale, parent6rale (intraveineuse, 
intramusculaire ou sous-cutan6e), per ou transcutanee, nasale, rectale, perlinguale, oculaire 
ou respiratoire, et notamment les comprimes simples ou drageifies, les comprimes 
sublinguaux, les gelules, les capsules, les suppositoires, les cremes, les pommades, les gels 

10 dermiques, les preparations injectables ou buvables, les aerosols, les gouttes oculaires ou 
nasales, etc.„ 

De part les proprietes pharmacologiques caracteristiques des composes de fonnule (I), les 
compositions pharaiaceutiques contenant comme principe actif lesdits composes de ^ 
fonnule (I), sont done particulierement utiles pour le traitement des cancers. 

15 La posologie utile varie selon Tige et le poids du patient, la voie d'administration, la nature 
. et la s6v6rite de raflfection, et la prise de traitements 6ventuels associes et s'echelonne de 
1 mg a 500 mg en une ou plusieurs prises par jour. 

Les exemples suivant illustrent I'invention mais ne la limitent en aucune fagon. Les 
produits de departs utilises sont des produits connus ou pr6pares selon des modes 
20 operatoires connus. 

Les structures des composes decrits dans les exemples ont ete determinees selon les 
techniques spectrophotometriques usuelles (infrarouge, resonance magnetique nucleaire, 
spectrom6trie de masse, . . 

PREPARATION A ; 1 jH:-Dvrrol-2-vlVLg-iiidoIe 
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Le produit attendu est bbtenu selon le proc6d6 d6crit par V. Bocchi et coll. (Tetrahedron, 
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1984, 40>pp. 3251-3256), 

PREPARATION B : 5-fl>enzvloxvV2-ag-Pvrrol-2-vlVliy-ixidole 
StadeA : 5'^(benzylo^)^3''bromo^lH'ittdole 

A une solution de 5-benzyloxyindole (4 mmo]) dans 20 ml de dimethylformamide est 
5 ajoutee goutte a goutte une solution de brome (4 mmol) dans 20 ml de diniethylforaiamide. 
Le melange est laisse sous agitation a temperature ambiante pendant 24 heures h Tabri de la 
lumi^re. Le brut reactionnel est verse dans 200 ml d'eau glacee contenant 1 ml 
d*ammoniaque et 0,2 ml de thiosulfate de sodium. Le produit attendu est obtenu par 
cristallisation, filtration sur iBritte puis lavage k Teau distill6e. 

10 Point de fusion : 89-92*^0 
JR (KBx) : VwH = 3420 cm"^ 
Spectre de masse (FAB) : 301,01 [M*] 



StadeB : 5-(benzyloxy)-2'(lH'pyrrol-2-yl)'^lH-mdole 



A une solution du compos6 obtenu au stade precedent (1^5 mmol) dissous dans 8 ml de 
; 151~7dichloro^^ anhydre est additionnee une solution de pyn*ole (l-,5 niniol^ dans 

est- maintenu sous agitation_a-. temperature, ambiante pe:ndant 4Jhein-^s^^^^ est 

> . 1.. - 1 : rendue . basique avec. quelques gouttes d'ammoniaque puis, eyapofee a sec. Apres 
- - — =^pttij^fi0ati03Trpar--ohrematQ^gEap^^ : -7 2/8) , -le — - 

-_^i~j20L:zrr.z:rproduit.att.endu est obtQn — -^-zz : - r- --":z^—~:zzj::,r,~,- :" .\ = ......j 



Pdn^de fusion : 178-182X 

IRfKBrt : Vnh = 3380-3420 era'' 
Spectre de masse (FAB) : 289,13 [M+H*l 
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PREPARATION C : 5-bromo-2-ag-pvrrol-2-vlVlJg-mdQle 



Le produit attendu est obtenu selon le proc6d6 decrit dans la preparation B partir du 5- 
bromo-indole. 

Point de fusion : 245^C 
IR(KBr) : v^.h = 3400, 3410 cm~^ 
Spectre de masse (FAB) : 259,99 [M*] 

PREPARATION P t S-chlQro-2-air^pvrro^2^ylMJy->mdoIe 

Le produit attendu est obtenu selon le proc6de decrit dans la preparation B a partir du i5- 
chloro-indole. 

Point de fusion : 223-227^C 
IR(KBr') : v^^„ = 3400, 3420 cm'^ 
Spectre de masse (FAB) : 217,05 [M+H^] 

PREPARATION E : 3^f4-bromo^l-.methv^2.5-dioxo-2.S-dihvdro-l^-pyrrQl-^^^^ 
indole-l-carboxvlate de tert-^^ntvle 

Une solution contenaut 1,445 g d'indble dissous dans 29 ml de tetrahydrofiirane sec est 
port6e entre -20 et -lO^'C sous argon, puis 26 ml de LiHMDS (1 M dans ITiexane) sont 
ajout6s goutte a goutte en 15 minutes. Apr^s 45 minutes a -10*'C, la solution est diluee 
avec 15 ml de tetrahydrofuraue supplementaire et une solution contenant 2 g de N-methyl- 
2,3-dibromomaleimide dissous dans 17 ml de tetrahydrofurane est ajoutee goutte a goutte 
en 30 minutes. Apr6s 15 minutes h -lO^'C et 15 minutes k O^^C, la r6action est stopp6e par 
I'ajout k 0°C de 50 ml d'une solution d'acide chlorhydrique 0,3 K Le melange r6actioimel 
est extrait a Tacdtate d'6thyle, les phases organiques lavees avec une solution satur6e en 
NaCl, sechees sur MgS04 puis evapor6es sous pression reduite. Le produit souliait6 est 
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pr6cipite avec du methanol. 
Point de fusion : 167-168^C 

Stade B : 3-(4-bromo-^l^methyl-2,5'dioxo-2,5'dihyarO''lH-^^ 
carboxylate de tert-butyle 

5 Une solution, sous atmosphere inerte, contenant 1 g du produit obtenu au stade A, 30 mg 
de 4-dimefliylaminopyridine, 1,58 g de di-^er^butyldicarbonate et 15 ml de 
tetrahydrofurane sec, est agitee k temperature ambiante pendant 24 heures. Apres 
elimination des solvants sous pression r6duite, le brut reactionnel est purifie par 
chromatographie sur gel de silice (ether de petrole/acetate d'ethyle/tri6thylainine : 8/2/1%) 

10 permettant d'isoler le produit attendu. 

Point de fusion : 137-138''C 

PREPARATION F : 3-f4>bromo^l>mahvI-2,S-dioxQ>2,5-dihvdro-lg>^pviTol^^^ 
pyrrolQr23-j>lPvridine"l -carboxylate de i^err-butvle 

Stade A : 3-bromo-l-methyl-4'(lH-pyrrolo[2,3-b]pyridin'3-y^^ 

— — ^15- Une--solution-~de— bromure-^'dlethylmagne 

(12,7.mmol).en_suspension_dans.le bromoethane.C12,7.mmol) et le.tetrahydrofurane^sec 

^- (5jnl),..Xa .solution, e st agitee _1 ..heure, ^a. temp6reiture ambiante ^ puis du_ 7-azaindole ^ 

- 

rrTrheurerrr3.CUTTdjagi^^ — u ne — s olution— du--JS^ 

20^ ^dibromonraieimTder(6^-nMnol)rdans-40 

g out t e> Aprfes 20 minutes, 60 ml de dichloromethane sec sont ajoutes, puis le melange 

reactioimel est laiss6 sous agitation pendant 75 heures k AQI^C puis hydrolys6 avec ime 
solution aqueuse satur6e de chlorure d'ammonium. Le produit organique est extrait avec de 
Tacetate d'ethyle, puis les phases organiques rassembl6es, sechees sur sulfate de 
25 magnesiimi et filtr6es. Apres evaporation du solvant, et purification du r6sidu par 




chromatographie sur gel de silice (cyclohexane/acetate d'ethyle: 3/2), le produit attendu est 
isole. 

Point de fusion : ISS^'C 

Stade B 3'(4-br0mo-Umithyl-2,S-dioxo-2^S-dihydro-lH''P^ 
5 bjpyridine-l^arboj^late de tert-kutyle 

Le produit attendu est obtenu selon le procede decrit dans le stade B de la preparation E a 
partir du compose decrit dans le stade precedent. 

Point de fusion : 102-103''C 

IRfKBrt : vc^ - 1710, 1740, 1770 cin ^ 

10 PREPARATION G : 2-(lg-PYrrtoi-2--vlVljEr>nvrrQlor23-&lpvrM^^ 

Une solution de butyllithixam 2M dans le cyclohexane (25 mmol) est ajout6e a une solution 
de N,N-diisopropylamine (25 mmol) dans 30 ml de t6trahydrofurane k O^'C. A 16 mmol de 
cette solution de lithium N,N-diisopropylamine est ajoutee la 3-m6thyIpyridine 
(5,35 mmol). Le melange r6actionnel est agite pendant 10 minutes k 0°C puis amend k 

15 -78°C avant d'ajouter du 2-cyanopyrrole (535 mmol). La temperature est remontee k O^^C 
pendant 1,5 heiures avant de rajouter le reste de la solution de lithium N,N- 
diisopropylamine (9 mmol). Le melange reactionnel est ensuite chauffe a 45^C pendant 5 
heures. Apres etre revenu a temperature ambiante, de Teau puis ime solution aqueuse 
saturee de chlomre de sodium sont ajoutes. Le melange est extrait avec de Tacetate d'ethyle 

20 et la phase organique est sechee sur sulfate de magnesium, filtree puis concentree, Apres 
purification par colomie de chromatograpMe s\ir gel de silice (acetate 
d'ethyle/cyclohexane : 6/4), le produit attendu est obtenu. 



Point de fusion : > (decomposition) 
IRfKBrt : Vnh 3420 cm'^ 
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EXEMPLE 1 ; PvrrolQr3\4';S.61mdolizinor8.7-ft1indole-1.3f2g.8^dyione 



SiadeA : 3-[2-(lH'pyrrol'2-yl)'m-indol-3-ylJ-2,5-pyrr^^^ 

Un melange du compos6 de la preparation A (0;274 mmol) de maleimide (0,548 mmol) et 
une quantite catalytique de SnCla dans 15 ml de toluene anhydre est port6 sous reflux 
5 pendant 24 heures. Apres evaporation du toluene, le residu obtenu est purifie par 
chromatographie sur gel de silice (acetate d'ethyle/cyclohexane : 3/7) pour conduire au 
produit attendu. 



Point de fusion : 61-69''C 

IRfKBr^ : Vc-o = 1700, 1780 cm"^ ; Vnh = 3100, 3500 cm"' 
10 Spectre de masse (FAB) : 279, 1 0 [M**l 

StadeB:pyrrolol3',4'.^^^^^ 



Une suspension du compose du stade pr6c6dent (0^58 nunol) et de palladium black (0,358 . 
mmol) dans 5 ml de nitrobenzene est chauff^ sous reftiix pendant 8 heures. Le brut 
r6actionnel est refroidi a temperature ambiante, dilu6 avec du cyclohexane (5 ml) et plac6 
15 sur un fiitte contenant un bouchon (5 a 6 cm) de gel de silice. Le nitrobenzene est 61u6 en 

^^li^^^^.^Mr^^y^Jp^^.^^^?^^ PRs un melange cyclohexane-dichloromethane (95/5). Le produit 

de4a-reaction~est-elue-avec-^ 

_-(! 0/1/0,0.5). Xa_solution obtenue, est concentr4e_et Je„.residu„est .disspus_dans_^^^ 

.. . - . d!etti)de-v,GMte_nQu yelle.gQluti est layee avec une solution saturee d'hydrpgenocarbqr^^^^ 

^0 -de-sodium;-de reau-puis-une=«oluti^ — 
— TOaffl4<;iixTO--iiltj:fie^ 

Point de fusion : 218-220^ C^ 

IR (KBrt : Vc-o = 1710, 1750 cm"^ ; v^h = 2900-3300 cm"' 
Spectre de masse (FAB) : 275,07 [M"^] 
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EXEMPLE 2 : 2-m6thvIPvrrolor3'»4':5>61indolizino[8.7-61iadole-13f2g.8g)dione 



Le produit attendu est obtenu selon le psocMh decrit dans le stade A de Texemple 1 en 
utilisant du N-m6thy]znal6inude. 

Point de fusion : 142°C 

IRfKBrt : vo-o = 1740, 1770 cm"' ; Vs^ = 3200-3400 cin* 
Spectre de masse (FAB) : 294,12 [M+H*] 

Stade B : Z-methylpyrrolop ',4 'z5,6Jmdolizino{8, 7-b]indole-l,3(2H,8H)dwtte 

Le produit attendu est obtenu selon le proc6d6 d6ciit dans le stade B de I'exemple 1 k partir 
du con9pos6 d^rit dans le stade pr6c^dent. 

Point de fusion : 226-228*0 

IR(BCBrt : Voo =^ 1 700-1 750 cm"^ ; v^h = 3400 cm"^ 

Spectre de masse (FAB) : 290,09 [M+H*] 

EXEMPLJE 3 ; ll-a?enzvIoxv)pvrrolor3*.4*:5.61indQlizinof8.7-Mindole-13(2g..8.ffl 
dione 

StadeA,: 3-f5-(beitzyl0xy}-2-(lH-'pyrrol--2-yl)--lH~m^ 

Le produit attendu est obtenu selon le proced6 d6cnt dans le stade A de I'exemple 1 k partir 
du compos6 decrit dans la pr6paration B. 

Point de fusion : 103-107''C 

IR(KBr^ : Vc-o = 1690, 1740 cm"' ; Vnh = 3250-3440 cm"' 
Spectre de masse (FAB) : 386,15 [M+H*] 




StadejB:ll-(benx3i^loxy}pyrrolo(Vy4*:S,6]indoli^^ 

Le produit attendu est obtenu selon le precede decrit dans le stade B de I'exemple 1 k partir 
du compos6 d6crit dans le stade precedent. 

Point de fusion : IIS^C 
5 IR(KBr) : Vc^o = 1710, 1720 cm'' ; Vnh = 3100-3500 cm"^ 
Spectre de masse (FAB'^ : 382,12 [M+H"^ 

EXEMPLE 4 : ll-hvdrQxvPvrrolor3*.4':S.6lindolizinor8.7-&1iadole-13f2g.&g>-diQne 

Stade A : 3-[5-hydrojqf-2-(lB-p3nrrol-'2-yl)-lH-indol-3-yl]-2,5^ynom 

Une suspension du conapos6 du stade A de I'exemple 3 (0,259 mmol) et de charbon 
10 palladia k 10 % (25 mg) dans un melange d'acetate d'6tihiyle (5 ml) et de m6thanol (10 ml) 
est hydrogenee 1 atmosphere pendant 24 heures. Apres filtration du melange surc^lite, le 
solide est lave a I'acetate d'ethyle et au m6tlianol. Le fillxat est concentrd permettant 
d'obtenir le produit attendu. 

Point de fusion : ITS-ISCC 

- .-If.. -..._^Jli|i : vc=o= 1.700, 1720 cm ^ _ _____ 

■ " " " .: iSpectee-d&4masse -(SAB)-^295jQgLpvr^^ - ■ -. ^ . ■ - _ ._ _ ,- 

.StadeJS : llrhydmxypynfdo[3.'J/jSMmMmm[.8^^^^ 



-Le^gj^duit Tat^Hdu-est-QbteaifesitlQiyj^^ 

^3^©DTnpose-^ecait^3anyle-stade-pr6o6de nt. • ■ " ". ." . 



20 Point de fusion : > 275°C 

IRfKBf) : voo = 1710, 1740 cm-' ; Vnh.oh = 3000-3300 cm" 




EXEMPLE 5 : ll-a>enzvIoxvV2-mettivlpvrrolor3'.4';S,61iadolizinof8.7-^1indole-l»3 
f2fl;8ini-diQne 

Stade A : HS'(benzyUfxy)-2-(lH^pyrrol-^2-y^'lH-indol'3-yl}-l-mithyl'2,S-pyrr^^ 
dione 

5 Le produit attendu est obtenu selon le proc6de decrit dans le stade A de I'exemple 1 k partir 
du compose decrit dans la preparation B et de N-m6thylraal6imide. 

Point de fitsion : 89-94°C 

IROKBr^ : vo-o = 1680-1700 cm-* ; Vnh = 3300-3420 cm"^ 
Spectre de masse (FAB) : 400,17 IM+BT*] 

10 Stade B : 12'(benzylox;y)-2-methylpyrrolo(3^4\'5,6/ittdolh^nofS,7'-bfl^ 
dione 

Le produit attendu est obtenu selon le proc^dS d6crit dans le stade B de I'exemple 1 a partij. 
du compos6 d6crit dans le stade pr6c6dent. 

Point de jSiaon : 120°C 
15 lEKKBr'^ : voo = 1680-1700 cm'' ; v^h = 3200-3600 cm'' 
Spectre de masse (FAB) : 396,13 [MH-H^ 

EXEMPLE 6 ; ll-hvdroxv-2-m6thvlpvrrolor3'.4';5.61indolizmor8.7-61indole-13 
(2g.&g-dione^ 

Stadeji:3'(5-hydroxy>-2-^lH'pyrrol'2'yl)-lH-ii^ 

20 Le produit attendu est obtenu selon le procede decrit dans le stade A de I'exemple 4 k partir 
du compose d6crit dans le stade A de I'exemple 5. 



Point de fusion : 148-154'*C 
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IR(KBr^ : Vc^ = 1680, 1720 cm^' ; Vnh,ok= 3300-3400 cm"^ 
Spectre de masse (FAB) : 310,12 [M+H"^] 

dime) 

5 Le produit attendu est obtenu selon le proced6 d^crit dans le stade B de I'exemple 1 k partir 
du compose d6crit dans le stade precedent. 

Point de fiision : 192°C 

IRfKBrt : voo = 1700, 1750 cm"* ; Vra.oH = 3350-3420 cra"^ 
Spectre de masse (FAB) : 306,09 [M+H*l 

10 F.yR1vn>¥.V. 7 ; ll-bromopvrrolor3U' ;gi<qindnli^-n or8.7-Mindole-13r2fl:8g>-dione 

Stade A s 3~[S-^ramit-2-^lJEr'pymU'2iylJhlff-4ndei-^3~yg--2t5-py^ 

Le produit attendu est obtenu selon le proc6de d6ait dans le stade A de Texonple 1 k partir 
du compos6 decrit dans la preparation C. 

Point de fiision : 1 63°C 

— -^5^^^^^Mj3^ii^Vgcr^l7-2Q^^^^ 

Spectre de masse -fl?AB:>-4^357-,Q-l-[M^| - 

- '•^I:;gt>^<sauitmehdtreist^ 

du compose d6 crit dans le stad e pr6c6d ent 



20 



Point de fiision : > 300*»C 

IRfKBr> : Vc^ = 1720 cm"^ ; Vnh = 3200-3440 cm" 
Spectre de masse (FAB) : 352,98 
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EXEMPLE 8 : ll>>brQmo-2--m6<iiYtovrror3\4^:5,61indolizittQr8.7>j>l^ 
dione 

Le prodmt attendu est obtenu selon le precede decrit dans le stade A de Texemple 1 a partir 
5 du compose decrit dans la preparation C et de N-methylmaleimide. 

Point de fusion : 81°C 

IRfKBrt : voo = 1750-1790 cm"^ ; Vwh = 3340-3400 cm-^ 
Spectre de masse (FAB) : 371,03 [M*] 

Stade B : ll^broma^2'methytpyrrolol3%4':S^6JmdoUzi^^^ i 

10 Le produit attendu est obtenu selon le proc6d6 decrit dans le stade B de Texemple 1 k partir ^ i;. 
du compose ddcrit dans le stade precedent 

Point de fusion : > 300**C 

IRrKBr^ : vc^ = 1 650-1 690 cm"' ; v^h = 3300-3500 cm-' 
Spectre de masse (FAB) : 366,99 [M^ 

15 EXEMPLE 9 : ll-chioropviTQlor3\4*:5.6TindQlizittor8.7-^]indole-13r2g,8lgV-dion 

StadeA s 3'[S'^hlorO'2'(lH'pynol-2~y0'lH'indol-3-yl]-'2»5'pyrroMinedioue 

Le produit attendu est obtenu selon le proc6d6 decrit dans le stade A de Texemple 1 k partir 
du compos6 d6crit dans la pr6paration D> 



20 



Point de fusion : 138-144*'C 

IROCBrt : vc^ = 1700, 1780 cm"' ; Vnh = 3100-3500 cm"' 
Spectre de masse (FAB) : 316,06 [M+H^] 




-36- 



StadeB : n-chloropyrrolo[i\4':S»6}indoUzino[8t 7-bJmdole''1^3(2H,8H)-diane 

Le produit attendu est obtenu selon le pToced6 decrit dans le stade B de Texemple 1 k partir 
du compos6 decrit dans le stade precedent. 

Point de fusion : 298-304°C 
5 IRfKBrt : VcK> = 1700, 1710 cm-' ; Vnh = 3100-3400 cm"' 
Spectre de masse (FAB) : 310,04 [M+ET] 

EXEMPLE 10 : ll-chloro-2-m^Ylpvrrolor3'.4<;5,61indolizinof8.7-61indoIe-13 
(2JffJSH\-dione 

10 Le produit attendu est obtenu selon le piDced6 d6crit dans le stade A de l'exenq>le 1 k partir 
du conqiose dec^t dans la preparation D et de N-m6thylmalSbmide. 

Point de fusion : 92-102°C 

IRfKBr') : Voo = 1690, 1 770 cm"' ; v^h = 3200-3500 cm"' 
_ Spectre de masse C ¥AB\ : 327.08 [M^ 



15 Stade^:-U'Cldoro-2'miatylp^olo[3\4US,6]ind0Uzjbto[8,7.^^^ 



lii:£Gmp.Qs^^ea^3daBMe:fitade£:pi^.6^^ 



Point de fusion : 249°C 



IROCBrt : Vo»o = 1690. 1710 cm^' ; Vnh = 3200-3600 cm^^ 
20 Spectre de masse (FAB) ; 324,05 [M+H*] 
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EXEMPLE 11 ; 2-mfethvM3->dioxo->1.23>4->tarahvdro>-7g^^ 
clcarbazQle-7-carboxylate de terr-butvle 

StadeA : 3-ll-methyl-2,S-dioxor4'*(2-pyrrolyI)-2,^^^ 
eatbaxplate de tett^butyle 

A line solution, maintenue a O^'C, de pyrrole (1,493 mmol) dans 3 ml de tetrahydrofiirane 
anhydre, est ajoutee goutte i goutte du bromure d'ethybnagn^siiam 2M dans le 
tetrahydrofurane (1,493 mmol). Apr^s retour a temperature ambiante, xme solution du 
compose d6crit dans la pr6paration E (0,553 mmol) dans 6 ml de tetrahydrofurane anhydre, 
est ajoutee goutte a goutte. Apres 24 heures d'agitation a temperature ambiante, le melange 
reactioimel est hydrolyse avec une solution aqueuse de chlorure d'ammoniirai, puis extrait 
a Tacetate d'ethyle. Les phases organiques sont rassembl6es, sech6es sur sulfate de 
magn6sium, filtr6es.puis concentr6es- Apr6s purification, par colonne de chromatographie 
sur gel de silice (ac6tate d'6thyle^cyclohexane/triethylamine : 1/4/1%), le produit attendu 
est isole. 

Point de fusion : 82-83^C 

IRfKBrt : voo = 1700-1740 cm'^ ; v^h = 3400 cm'^ 

Stade B : 2-methyt^l^3-dioxo-1^2,3^4-teirahydro-7H^ 
carbo^late de teri-butple 

Une solution du compose d6crit dalis le stade precedent (0,204 mmol) dans 10 ml 
d'acetonitrile, maintenue dans un bain d'eau, est irradiee avec une lampe halogene (500 W) 
pendant 31 heures. Aprfes evaporation du solvant et . purification par colonne de 
chromatographie sur gel de silice neutralis6 k la tri6thylamine (ac6tate 
d*ethyl^cyclohexane/tri6thylamine : 3/7/1%), le produit attendu est isole. 

Point de fusion : 172°C (decomposition) 

IRfKBr^ : Vo^ = 1690, 1740, 1760 cm"^ ; Vn„ = 3300 cm"^ 

Spectre de masse (FAB) : 390,14 [M+H*"] 
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EXEMPLE 12 ; 2-m6thvM.7-dmvdro^lg-dipvrrolor3.2-a:3.4-c]carbazQl^^ 
dioae 

Le compose decrit dans Texemple 11 (0,164 imnol) est dissous dans 40 ml d'acide 
formique. Apres 16 heures d*agitation a temp6rature ambiante, la solution est neutralisee en 
5 ajoutant goutte a goutte de la tri6thylamine puis une solution aqueuse 
dTiydrogenocarbonate de sodium. Le melange est extrait plusieurs fois avec de Tacetate 
d'ethyle. Les phases organiques sont rassemblees puis lavees avec une solution aqueuse 
saturee de chlorure de sodium, sechees sur sulfate de magnesiinn, filtrees puis concentrees. 
Apres purification par colomie de chromatographie sur gel de silice (acetate 
10 d'ethyle/cyclohexane : 3/7), le produit attendu est isol6. 

Point de fusion : 292''C 

IRfKBrt : = 1660, 1740 cm"* ; Vnh = 3320, 3380 cm"^ 
Spectre de masse (FAB) : 290,09 [M+H^] 

EXEMPLE 13 ; 6-mgthvl-5.7-dioxQ-5.6.7.7a-t6trahvdroimidazori.2-^^ 
15 i>vrrolor23"Clpvrro!oF3.4"glpvridiiie'12f4aj91-carboxvlate de tett-hnt\le 

Sfade A : 3-(lH-imidazol-l^^^ 

^—2,S'diQne ^' ~ ''' ' . - — — 



.... :^-.ie_produiLatt:e^^ est oM^nu selon le proce^^ stade A de rexotnple 11 k _ 

. — -T^^T^^ -pabfir-^ daris^Ia^prepamtibii^ dSMdazole J - ~- r r ~ . - ~-~ 

-20— ^ — Peint-de-fusien~ -246-248^G : i 

: Vc>o = 1710 cm'^ ; v^h = 3320-3500 cm'^ _ _ 

Spectre de masse (FAB) : 296,1 1 



Stade B : 3-f4-(m-imidazol-l-yl)'I-mmyI'2,S-diox^ 
pytrolo[2,3'4iJpyridine^l-carbaxylate de ieri-butyle 




Le produit attendu est obtenu selon le proced6 decrit dans le stade B de la pr6paration E a 
partir du compose d6crit dans le stade precedent 

Point de fusion : 144-145*'C 
IRfKBrt : Vc=o = 1720, 1740, 1780 cm'^ 
5 Spectre de masse (FAB) : 394,15 [M+H^ 

Stade C : 6-methyUS,7-diaxa^5,6,7^7a-titrahydroimidmQ 
f2,3'Cjpyrrolof3,4'^Jpyndine'12(4aH)'earb^ de tert-butyle 

Le produit attendu est obtenu selon le proc^d^ decrit dans le stade B de Texemple 11^ 
partir du compost ddcrit dans le stade precedent. 

10 Point de fusion : 270°C 

IRfKBr^ : v^o = 1720, 1750 cm"^ 

EXEMPLE 14 ; 6-methv^5.7-dioxo>6.7-dihvdroimidazo[ia-a]pvridor3\2*:4,SlPYrrolo 
r2.3-clPYrrolor3.4-gli>vridine«12f5i?>-carboxvlate de feit-^butvle 

A une solution du compost de Texemple 13 (0,081 mmol) dans 5 ml de dichloromethane 
15 anhydre est ajoute du dioxyde de manganese (0,478 mmol), Le melange est laisse sous 
agitation a temperature ambiante pendant 12 heures puis filtre sur c6iite® avec du 
dichloromethane et du methanol. Le produit attendu est obtenu apres Evaporation a sec des 
solvants. 

EXEMPLE 15 ; 6-methvlimidazori.2>a1pvridQr3U':4.51pwrQlor23-c1Pvrrolor3.^^^ 
20 PYridine-S.7f6fl:i2jEn-'dione 



Le produit attendu est obtenu selon le proc6d6 d6crit dans Texemple 12 a partir du compos6 
decrit dans I'exemple 14. 
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Point de fusion : ISS^C (d6composition) 
jBJSfe} : v<>o = 1710, 1760 cm'^ ; Vmh = 34 00-3450 cm ' 
Spectre de masse (FAB) : 394,15 [M+H^ 



EXEMPLE 16 ; 2-roethvi-1.3-dioxo-23,3a,12c-t6trahYdroimidazori,S-a1pvrido 
F3'.>2*:4,51 pvrrolof2,3-c1pvrrolof3^4-elpvrid[iBe"8(l.g)-carboxvlate de teif-butvle 

Le produit attendu est obtenu selon le proc6d6 d^crit dans le stade B de I'exemple 11 ^ 
partir du compos6 de la preparation F. 

Point de jfasion : 152°C 
IRfiKBrt : voo = 1720, 1750 cm"' 
^ 



10 ^XBiMPf .F. 17 ; 2-m6thvl-13-dioxo-2JkimYdroiinidazori,S-g|pvridol3'Jt*:4.51pvrroto 
r&3-c1pvrrolof3,4-clPYridine-8(1gV.carboxvlate de tert-hutvle 



Le produit attendu est obtenu selon le proc^6 d6crit dans I'exemple 14 h paitir du compos6 
d6crit dans I'exenqile 16. 



EXEMPLE 18 ! 2-m6thvlimidazori.5-alpvridor3U';4.51pvrrolor23-clpvrralof3.4>^1 
IS pvridinfr-1.3f2g.8ffl-dione 



Leproduitattendu est obtenu-seloiUe.-proced6 decritdaiisJ?exempleJL2.A4)artir.du compos6 .__ 

.<i6crit.dans.llexemple.l7^.„:,.: ^ __. j 



Pe jHt-de=fasienr f-3Q4-3Q?se_ 

— — ^S3mQ-:-v65)-=171t>rl?60xnr^iffl ■ 

2 0 Spectre de masse (fAB) i 2 92,08 [M+H*] 

EXEMPLE 19 : 6-m6tfavl-7a.l2-dihvdroimidazori^-a]pvridor3'.2*;4^1pvrrolar2.3-c1 
pvrrolor3.4-elDvridine-5.7(4ag.6g>-dione 




Une solution du compos6 d6crit dans le stade B de I'exemple 13 (0,254 mmol) dans 6 ml 
d'acetonitnle est iiradie avec une lampe halog^e (500 W) pendant 6,5 heures. Apr6s 
Evaporation du solvant et piirification par colonne de chromatogr^hie sur gel de silice 
neutralist k la triethylamine (t6trahydrofurane/toluene/triethylamine : 3/7/1% k 
5 tStrahydrofurane), le produit attendu est isol6. 

Point de fusion : 222-224°C 

IRfKBr) : Vc-o = 1710, 1790 cm"^ ; v^^ = 3480 cm'^ 
Spectre de masse (FAB) : 294,10 [M+BT^] 

EXEMPLE 20 ; 2-m6thvl-8~f23.4.6-t6tra-Q-ac6tvl-B-l?~gtocopvrano5vlV-8,12c- 
10 dihvdroinM dazQri.S-gTpvridor3^^*:4.51pviToIor23-clpvrit>lor3.4-g1pvri^^ 
1.3f2fl::3aim-dione 

..... i 

A ime solution du compose d6crit dans le stade A de I'exemple 13 (0,341 mmol) dissous 
15 dans 11 ml de t^trahydrofiirane sec, sont ajoutes le 2,3,4,6-tetra-C?-acetylglucopyranose 
(0,756 mmol) et la triphenylphosphine (0,756 mmol). Le melange reactionnel est refiroidi a 
-78^C, puis le DEAD (0,756 mmol) est rajout6 goutte a goutte. La temperature est 
remontee lentement jusqu'a temperature ambiante, puis le melange r6actionnel laisse sous 
agitation encore 15 heures. Apres hydrolyse, le produit organique est extrait avec de 
20 Tacetate d'ethyle. Les phases organises sont rassemblees, s6chees sur sulfate de 
magnesium, filtrees et le solvant evapor6. Apres purification par chromatographie sur gel 
de silice (cyclohexane/acetate d'6thyle : 7/3 k ac6tate d'6thyle), le produit attendu est isole. 

Point de fusion : SS-PO'^C 
IRfKBrt : vc-o = 1710, 1750 cm'' 



25 
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Une solution du compos6 obtenu an stade pr6c6d6 (0^08 mmol) daos 10 ml d^ac6tonitrile, 
maintenue dans tm bain d'eau, est irradi6e avec une lampe halogfene (500 W) pendant 
6 heures. Apres evaporation du solvant et purification par colonne de chromatographie sur 
gel de silice (acetate d'6thyle/cycloliexane : 3/7 a ac6tate d'ethyle), le produit attendu est 
5 isole, 

EXEMPLE 21 : 2-methvl-S-(2.3.4.6-tetra--Q--ac6tv^B-l)-gIttcopvranosvn--ii^ 
a]pvridor3\2^:4.S1PvrralQr23-clDvrrolor3.4--g1pvridme-13f2g^ 

Le produit attendu est obtenu selon le proc6de d6crit dans Texemple 14 a partir du compost 
d6crit dans Texemple 20. 



10 Point defiision : 204°C 

IRfKBrl : Vcm>= 1710, 1720, 1750, 1760 cm*^ 
Spectre de masse (FAB) : 622,18 \M+lt] 



EXEMPLE 22 ; 2-m6thvi-8-(B-i>>glucopvranosvlViinaidazori,S-a]pvridor3\ 
pyrrolQf2.3-clpvrrolor3,4-elpvridine"1.3(2fl:>8jg>-diQiie « 

15 A une solution du compos6 decrit dans I'exemple 21 (0,032 mmol) dans 6 ml de methanol 

anhydre. est. ajoutee goutte. a goutte une .solution jiemethylate_de ^sodium IN (20 |li1). Le 

melange-est4aiss6-sous-agitation-a-temperature-amb 

— evapor6 i see etle-soUde-est-lav6sur fiitt^-aveG-du-m^thanoVpei^ 



==^=== =^ — . 

— Spectre-dejnasse- (:EABL:jt54.14_|M+H^ 



EXEMPLE 23 : fr>methvM2>f2.3.4.6--tgtra-Q-acetvl-B-D-glucQPvranosvlV7aJ2- 
dihvdroimidazQ[l,2"alpvridof3'^*;4.51pvrrt)lQF23'^lpyrrolQ[3^4-elpvri^ 
25 5.7(4aa;6^->diQne 




Le prodiiit attendu est obtemi selon le proc6de decrit dans le stade B de Texemple 20. 

EXEMPLE 24 ; 6>methvM2-f23>4.6>titra-0-ac6tvl-B-l>>>glttcop 
alpvridor3\2':4^lovrrolor23-clpvrrotor3.4^gTpvridin^^^ 

Le produit attendu est obtenu selon le proced6 d6crit dans Texemple 14 ipartir du compos6 
5 decrit dans Texemple 23 . 

Snectre de masse (FAB) : 622,18 [M+H*] 

EXEMPLE 25 : 6"m6thvM2-fB-l>-^slucQDvranosYl> >imida 7.Qria>alpvridor3\2^:4.Sl 
PvrrQlor23-e]pvrrolQr3.4-^lPvridine>5.7f6igJ2Jm- 

Le produit attendu est obtenu selon le procede d6crit dans Texemple 22 a partir du compos6 
10 decrit dans Texemple 24.. 

Point de fusion : 298°C 

IR(KBr) : Vck) = 1710, 1720 cm**^ ; VNH,oir = 3240-3600 cxn'^ 

EXEMPLE 26 ; Pvridor3U*;4,51PViTQlor3Ji-glpvrrolor3.4-glindQlizipe-^l>^ 
dione 

15 StadeA : 3'[2-(m-pyrml-2-yt)^lH-pyrrolo[2,B-b^^ 

Un melange du compost de la preparation G (0,546 mmol) et de mal^imide (5,46 mmol) 
dans une solution eau/m6thanol : 2/1 place sous argon est chauffe a SO^'C pendant 48 
heures. Le methanol est alors 6vapore et une solution aqueuse saturee de chlorure de 
sodium est ajoutee au milieu, Le melange r^actionnel est extrait plusiem-s fois avec de 
20 rac6tate d'6thyle. La phase organique est s6ch6e sur sulfate de magndsium, jBltree et 
evaporee. Apres purification par colonne de clnromatograpliie sur gel de silice (acetate 
d'6thyle/cyclohexane : 1/1 k 1,5/1), le produit attendu est obtenu. 



Point de fusion : > 200°C (decomposition) 
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IRfKBrt : voo = 1700, 1770 cm-^ ; Vnh = 3300-3600 cixi"^ 



Une suspension du compose du stade pr6c6dent (0,295 imnol) et de palladimn black (0,295 
nimol) dans 5 ml de nitrobenzene est chauff6e sous reflux pendant 7 heures- Le melange 
5 reactioimel est filtr6 sur gel de silice, 61ue au dichloromethane puis au t6trahydrofurane, 
Apres purijScation par coloiine de chromatographie sur gel de silice 
(tetrahydrofurane/dichloromethane : 1/9 puis 2/8), le produit attendu est obtenu. 

Point de fusion : > SOO'^C (decomposition) 

IRfKBr^ : Voo = 1720, 1760 cm'^ ; v^h = 3150-3300 cm"^ 

10 ETtmEPHASMACOLOGIOVEDES COMPOSES HE L ^INVENTION 

EXEMPLE 27 ; Activity in vitro 



La leucemie murine L1210 a et6 utilisee in vitro. Les cellules sont cultivees dans du milieu 
de culture RPMI 1640 complet contenant 10 % de serum de veau foetal, 2 mM de 
15 glutamine, 50-U/ml-de penicillme, 50 |xg/ml de streptomycine-et JLO-niMLd'Hepes,^pIL: JZ,4> 



pendant 4 temps de doublement, soit 48 heures. Le nombre de cellules viables est ensuite 



• Leucemie murine LI 21 0 



Les cellules sont reparties 



les microplaques el 




wcnposes-cjrtotoxiques- 




ah. Cancer Re^: : 47, 936-942, (1987)). Les r6sultats sont exprimes en IC50, concentration 




rinvention montrent ime bonne cytotoxicity sur cette lign6e celliilaire. 



EXEMPLE 28 : Compositjon pharmaceutique ; solut6 injectable 



Compos6 de I'exemple 9 

Eau distill^e pour preparations injectables 



10 mg 
.25 ml 
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REVENBICATIOm 



1- Composes de fonnule (I) : 




N 



_Cii 



dans laquelle : 

• Arepr^sente un cycle a 6 sommets satur6, partiellement ou totalement msatiu:6 pouvant^ 
. 6ventuellemeat conferer un caract^re aromatique au cycle, 

• Z repr6sente mi groupement de fonnule U-V dans laquelle : 

y U repr6sente una liaison simple ou une chaine alkylene (Ci-Ce) lineaire ou ramifiee, 
6ventuellement substituee par un ou plusieurs groupements, identiques ou difFerents, 
choisis parmi halogdne et hydroxy, et/ou contenant eventuellement une ou plusieuri 
insaturations, 

y V repr6sente un groupement choisi pamii atome dliydrog&ae, dTialogene, 
groupement cyano, nitro, azido, alkyle (Ci-Ce) lineaire ou ramifi6, aryle, arylalkyle 
(Ci-Ce) lineaire ou ramifie, hydroxy, alkoxy (Ci-Ce) lineaire ou ramifi6, aryloxy, 
arylalkoxy (Ci-Cs) lin6aire ou ramifie, fomiyle, carboxy, aminocarbonyle, NR3R4, 
-C(0)-T,, ~C(0>-NRr-Ti, --NR3-C(0)-Ti, ~0--C(0)-Ti, ~C(0)-(>-Ti, -O-T2- 
VIRsRa, -0~T2~0R3, --O-Tz-COaRs, -NR3-T2-NR3R4, -NRa-Ta-ORa, -NR3-T2- 
CO2R3, ou-S(0)i"-R3, 
dans lesquels : 

^ R3 et R4, identiques ou differents, representent chacmi un groupement choisi paraii 
atome dTiydrogene, groupement alkyle (Ci-Ce) lindaire ou ramifi6, aryle, ou 
arylalkyle (Ci-Ce) lineaire ou ramifie, ou 
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R3+R4 fonnent ensemble, avec Tatome d'azote qui les portent, xrn h6terocycle deSk 
10 atomes, monocyclique ou bicyclique, sature, contenant eventuellement au sein 
du syst^me cyclique un second het6roatome choisi panni oxygene et azote, et etant 
eventuellement substitue par un groupement choisi parmi alkyle (Ci-Cg) lin6aire ou 

5 ramifi6, aryle, arylalkyle (d-Ce) lineaire ou ramilBe, hydroxy, alkoxy (Ci-Q) 

lineaire ou ramifie, amino, monoalkylamino (CrCe) Un6aire ou ramifie, ou 
dialkylamino (Ci-Ce) lineaire ou ramifie, 
<=> Ti represente un groupement choisi parmi alkyle (Ci-Cg) lineaire ou ramifie, 
eventuellement substitute par un groupement choisi parmi -OR3, -NR3R4, 

10 --CO2R3. -C(0)R3 et -C(0)NR3R4 dans lesquels R3 et R4 sont tels que definis 

precedemment, aryle, arylalkyle (Ci-Ce) lineaire ou ramifie, ou une chatne alk6nyle 
(C2-C6) lineaire ou ramifiee Eventuellement substituee par un groupement choisi 
paimi -OR3, ~NR3R4. -C02R3> ~C(0)R3 et -<:(0)NR3R4 dans lesquels R3 et R4 
sont tels que definis prec6dermnent 

15 "=> T2 repr6sente une chaShe alkylJsne (Ci-Ce) lineaire ou ramifie 

t represente imentiercomprisentreOet 2 inclus, 

Wi repr6sente, avec les atomes de carbone auxquels il est lie, un groupement ph6nyle ou 
un groupement pyridinyle. 



• W2 represente un groupement choisi parmi : 




dans lesquelles Rs represente xxn groupement choisi parmi atome dhydrogene, groupement 
alkyle (Ci-Cs) lineaire ou ramifie, aryle, arylalkyle (Ci-Ce) lineaire ou ramifie, cycloalkyle, 
cycloalkylalkyle (CrQ) lineaire ou ramifie, -OR3, -NR3R4, -0-T2-NR3R4> ^^3-T2-NR3R4, 




hydroxyalkylainino (CrC^) lineaire ou ramifie, di(hydroxyalkyl)amino (Ci-Ce) lindaire 
oxL lamifie, -QOHRa, -^^H--C(0)-R3, et une chaine alkylfeae (Q-Q) lineaire ou ramifi6, 
eventuellement substitute par un ou plusieurs groupemrats, identiques ou difF6rents, 
choisis paimi atomes d'halog^ne, groupements cyano, nitro, -OR3, — NR3R4, -CO2R3, 
5 ~C(0)R3, hydroxyalkylainino (Ci-Ce) lineaire ou ramifi6, di(hydroxyalkyl)amino (Ci-Ce) 
lineaire ou ramifit, ou -C(0)-NEIR3, les groupements R3, R4 et T2 ayant les mdmes 
significations que prec6demment, 

• Xi represente un groupement choisi parmi atome dliydrogene, groupement hydroxy, 
alkoxy (C1-C6) lineaire ou raniij56, mercapto, et alkylthio (Ci-Ce) ltn6aire ou ramifi6, 

10 • Yi represente un atome d*hydrogene, ou 

• Xi et Yi forment ensemble, avec Tatome de carbone qui les porte, un groupement 
carbonyle ou thiocarbonyle, 

• X2 represente un groupement choisi parmi atome dliydrogfene, groupemeait hydroxy, 
alkoxy (Cj-Ce) lin6aire ou ramifi6, mercapto, et alkylthio (Ci-Ce) lin6aire ou ramifie, 

15 • Yi represente im atome d'hydrogene, ou 

• X2 et Y2 forment ensemble, avec Tatome de carbone qui les porte, un groupement 
carbonyle ou thiocarbonyle, 

• Ri represente un groupement choisi parmi atome d'hydrogtoe, groupement alkyle (Ci- 
Ce) lineaire ou ramifie 6ventuellement substitue par xm ou plusieiirs groupements hydroxy, 

20 alkoxy (Ci-Ce) lineaire ou ramifie, hydroxyalkoxy (Ci-Cs) lineaire ou ramifie, ou im 
groupement de formule (a) : 




dans laquelle : 

^ Raj Rb> Rc et Ra identiques ou differents, independamment Tun de Tautre, 
25 representent chacun ime liaison ou un groupement choisi parmi atome d*hydrogfaie, 

atome d'halog&ne, groupement hydroxy, alkoxy (Ci-Ce) lineaire ou ramifii6, aryloxy. 



-48- 



arylalkoxy (Ci-Ce) lin6aire ou ramifie, alkyle (Ci-Ce) liii6aire ou ratnifi6, aiylalkyle 
(Ci-Q) lin6aire ou ramifie, aryle, — NR3R4 dans lequel R3 et R4 sent tels que definis 
pr6cedemment, azido, -N=NR3 (dans lequel R3 est tel que d6fini pr6c6demment), et 
-0-C(0)"R5 dans lequel R5 repr6sente un groupement alkyle (C1-C6) lindaire ou 
5 ramifie (eventuellement substitu6 par un ou plusieurs groupements choisis parmi 

halog^ne, hydroxy, amino, alkylamino (CrCe) linearre ou raniifi6, et dialkylamino 
(Ci-Ce) lineaire ou ramifie), aryle, arylalkyle (Ci-Ce) lineaire ou ramifie, 
cycloalkyle, ou heterocycloalkyle, . . . 

^ Re represente un groupement methylene (HaC^) ou un groupement de formule —Ui- 
10 Ra dans laquelle Ui represente mie liaison simple ou un groupement m6thyl6ne, et 

Ra est tel que defini precedemment, 

y nprendlavaleurOou 1, 

. etant entendu que le groupement de formule (a) est 116 k I'atome d'azote par Ra, Rt, Rc, Rd 
ouRe, 

15 etant entendu que lorsque Wi represente, avec les atomes de carbone auxquels il est lie, im 
groupement ph6nyle alors, 

• Q rqpresente xm groupement choisi parmi atome d'oxygene ou un groupement NR2 
dans lequel R2 represente im groupement alkyle (Ci-Cg) lin6aire ou ramifie, aryle, 
arylalkyle (Cj-Ce) lineaire ou ramifie, cycloalkyle, cycloalkylalkyle (Q-Q) lin6die ou 
20 _ ramifie, -OR3, -ISDRaR^, --O-T2-NR3R4, ^SlRr-T2-NR3R4, hydroxyalkylamino (Ci-Ce) 

:"7 lineaire ou ramifie; di( hydroxya:lkyl)am ino (tilr^^^ ~_ 
~NH-C(0)-R3, ou une chaJne alkylene (Ci-Cd) lineaire ou ramifie, eventuellement 
.TI_.l__?^bstitaeejgar^^ differ ents; ch oisis parmi __• 

" • " ' a tomes— dqialogene—fflQupemeifts-^ — OR3r---NK3Rir^^02l^-^ 

^\ hY^roxvalkvlamipc^^ M?^^^ 

--^^^^^^u-ramifiirO>i--G(Q)-l^^^ 

que pr6c6demment. 



6tant aussi entendu que lorsque Wi represente avec les atomes de carbone auxquels il est 
116, un groupement pyridinyle alors, 
30 o Q repr6sente un groupement choisi parmi atome d'oxygene ou un groupement NR2 




dans iequel R2 repr^sente un groupement choisi paixni atome d'hydrogene, groupement 
alkyle (CrCe) lineaire ou ramifie, aryle, arylalkyle (CrCe) lineaire ou rainifi6, 
cycloalkyle, cycloalkylalkyle (Q-Ce) lin6aiie ou ramifie, -OR3, -NR3Ei4, -OT2-NR3R4, 
-NR3-T2-NR3R4, hydroxyalkylainino (Ci-Ce) lineaire on ramifie, 

5 di(hydroxyalkyl)amino (Ci-Ca) lineaire ou ramifie, <^(0>R3,-1SD^^ 

alkyl&ie (Q-Q) lineaire ou ramifie, 6ventuellement substitute par un ou plusieurs 
groupements, identiques ou differents, choisis parmi atomes dlialogene, groupements 
cyano, nitro, -OR3, -NR3R4, -CO2R3, -C(0)R3, hydroxyalkyl amino (Ci-Ce) lineaire ou 
ramifie, di(hydroxyaI!cyl)ainino (Ci-Ce) lineaire ou ramifie, ou -C(0>-NHR3, les 

10 groupements R3, R4 et T2 ayant les memes significations que precedemment, 

leurs enantiomeres, diastereoisomeres, ainsi que leurs sels d'addition a un acide ou a une 
basepharmaceutiquement acceptable, 

etant entendu que par aryle, on comprend un groupement ph6nyle, naphtyle, 
dihydronaphtyle, tetrahydronaphtyle, ind6nyle ou indanyle, chacun de ces groupements- 
15 6tant 6ventuellement substitue par un ou plusieurs groupements, identiques ou diflFerents,,. 
choisis parmi halog&ie, alkyle (Ci-Q) linSaire ou ramifi6, trihalog&ioalfcyle (Ci-Ce),^ 
lineaire ou ramifie, hydroxy, alkoxy (Ci-Ce) lin6aire ou ramifi6, et anaino 6ventuellemenb 
substitu6 par un ou deux groupements alkyle (Ci-Ce) Unaire ou ramifit. 

2- Composes de fomiule Q) selon la revendication 1 caract6rises en ce que Xi et Yi 
20 forment ensemble, avec Tatome de carbone qui le porte, un groupement carbonyle, et X2 et 

Y2 forment ensemble avec Tatome de carbone qui le porte, un groupement carbonyle, leurs 
enantiomeres, diastereoisomeres ainsi que leurs sels d'addition a un acide ou a une base 
pharmaceutiquement acceptable. 

3- Composes de formule (I) selon Tune quelconque des revendications 1 a 2 caracterises en 
25 ce que Q repr6seate un groupement -^^2, dans Iequel R2 est tel que defini dans la formule 

(I), leurs 6nantiom6res, diast6r6oisomeres ainsi que leurs sels d'addition a un acide ou k 
une base pharmaceutiquement acceptable. 
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4- Composes de fonnule (I) selon Inline quelconque des revendications 1 k3 caract6ris6s en 
ce qu*ils repr6sentent des composes de fomiule (JA) : 




dans laquelle Ri, Ra, Wi et Z sont tels que definis dans la formule (1), lenrs enantiomeres, 
5 diast6reoisomeres ainsi que leurs sels d'addition k xm acide ou k une base 
pharmaceutiquement acceptable. 



Sr Compos6s de fomiule (I) selon l^une quelconque des revendications 1 a 4 caract6rises en 
ce qu'ils representent des composes de fomiule (IB) : . . 




TO' "dans^laqueire'Ri, K2 "ef Z s6nrTels~quenagffia la"fomul^nC07l^i5^^^nafitrcs^^ — 

diast&reoisomeres ainsi que leurs sels d'addition k un acide ou a une base 



ihaamaceufiqui^ 



5-X5omposes de iormule (T) selon rime quelcbnque des fevend^^ 
en ce qu'ils representent des composes de formule (IC) : 
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dans laquelle Ri, R2 et Z sont teis que d6finis dans la formule (I), leurs 6nantiomdres, 
diastCTeoisomeres ainsi que leurs sels d'addition k un acide ou a une base 
pharmaceutiquement acceptable. 

7- Composes de formule (I) selon Tune quelconque des revendications 1 a 3 caract6rises en 
ce qulls representent des composes de formule (ID) : 




dans laquelle Ri, R2, Re, Wi et Z sont tels que d6finis dans la formule (1), leurs 
6nantiomeres» diast6reoisom&res ainsi que leurs sels d'addition a un acide ou a une base 
pharmaceutiquement acceptable. 

8- Composes de formule (I) selon Tune quelconque des revendications 1 a 3 et 7 
caracterises en ce qu'ils representent des composes de formule (IE) : 
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dans laquelle Ri, R2, R6 et Z sont tels que definis dans la formule (T), leurs 6nantiomdres, 
diast6r6oisomeres ainsi que leurs sels d'addition k un acide ou a une base 
phannaceutiquement acceptable. 



9-Compos6s de formule (J) selon Tune quelconque des revendications 1 a 3 et 7 
5 caracterises en ce qu'ils repr6sentent des composes de formule (IF) : 




dans laquelle Ri, R2, R^ et Z sont tels, que definis dans la foimule (I), leurs ^antiom&res, 
diast6r6oisomdres ainsi que leurs sels d'addition a un acide ou a une base 
phannaceutiquement acceptable. 



10 JO- Composes de fomiule (T) selon Tune quelconque des revendications 1*^ 3 caract^riste 
en ce qu'ils rqjresentent des composes de formule (IG) : 




jiansJa quelle R i^ R?, W i et Z son t tels que definis dans la formule ( I), leurs 6nantiomeres. 



diastereoisomferes ainsi que leurs sels d'addition a un acide ou a une base 
15 phannaceutiquement acceptable. 

11- Composes de formule (I) selon Tune quelconque des revendications 1 i 3 et 10, 
caract6ris6s en ce qu'ils representent des composes de formule (IH) : 
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.N. 



z 



OH) 



dans laquelle Ri, R2 et Z sont tels que dSfinis dans la formule (I), leiirs enantiom^es, 
diast6reoisomeres aiiisi que leurs sels d'addition k un acide ou a une base 
pharmaceutiquement acceptable. 

12- Composes de formule (I) selon Tune quelconque des revendications 1 a 3 et 10, 
caracteris6s en ce qu'ils representent des composes de formule (II) : 



dans laquelle Ri, R2 et Z sont tels que d6fims dans la formule (I), leurs ^antiom6res» 
diast6r6oisom6res ainsi que leurs sels d'addition k un acide ou k une base 
pharmaceutiquement acceptable. 

13- Compos6s de formule (1) selon Tune quelconque des revendications 1 a 3 caracterises 
en ce qu'ils repr6sentent des composes de formule (IJ) : 



Z 




z 




1^ 



.N, 



(D) 



R, 
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dans laquelle Ri, R2, Wi et Z sont tels que definis dans la foimule (I), leuis enantiomeres, 
diast6r6oisomfer€s ainsi que leurs sels d'addition a un acide ou une base 
phannaceutiquement acceptable, 

14" Composes de foxmule (I) selon IWe quelconque des revendications 1 3 et 13, 
5 caracterises en ce qu'ils rqpr6sentent des composes de fomiule (IK) : 




dans laquelle Ri, R2 et Z sont tels que definis dans la fomiule (I), leurs 6nantiomeres, 
diaster6oisomdres ainsi que leurs sels d'addition k im acide ou a une base 
phacmaceutiquement accq)table. 



10 15-Compos6s de fomxule (T) selon Tune quelconque des revendications 1 3 et 13, 
caract6ris6s en ce qu'ils repr6sentent des compos6s de fomiule (EL) : 




" ' " '%ras^aqu^^ et Z -?dnt tels^que-dfefbrt^^ - -™ 
diast6r6oisomferes ainsi que leurs sels d'addition k un acide ou k une base 
15 ^phaimaceutdquement-acceptable.' 

16- Composes de fomiule (I) selon Tune quelconque des revendications 1^15, caracterises 
en ce que Ri represente un atome dliydrogene ou im groupement glucopyranosyl de 
formule : 
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HO 




leuts ^antiomeres, diastereoisomeres ainsi que leiirs sels d*addition k uxi acide ou a une 
base pharmaceutiquement acceptable* 

17- Composes de fonnule (J) selon Tune quelconque des revendications 1^16, caracteris6s 
en ce que R2 reprSsente un atome d'hydrogene ou un groupement alkyle (Ci-Ce) lineaire ou 
ramifie, leurs enantiom^es, diastereoisom&res ainsi que leurs sels d*addition k un acide ou 
a une base pharmaceutiquement acceptable. 

18- Composes de fonnule (I) selon Tune quelconque des revendications 1 a 17, caracterises 
en ce que Re repr6sente un atome d'hydrogdne, leurs enantiomeres, diastereoisomeres ainsi^ 
que leiu-s sels d'addition k un acide ou a ime base pharmaceutiquement acceptable. 



leurs 6nantiom^es^ diast6r6oisom^es ainsi que leurs sels d'addition a un acide ou k une 
base pharmaceutiquement acceptable.^ ^ 

2g-Proc6d6 de preparation des compos6s de fonnule (1), selon la revendication 1, 
caracterise en ce qu'on utilise comme produit de depart un compost de formule (IT) : 



dans laquelle R2a represente un atome d*hydrogene ou un groupement m6thyle et, Xi, Yi, 



19- Composes de formule (J) qui sont le : 

> pynolo[3',4':5,6]indolizino[8,7-b3indole-l,3[2iy,8ir|-dione, 

> ll-bromopyrrolo[3^4•:5,6]indolizino[8,7-b]indole-l,3[2i^;8J^]-d^one, 

> 1 l-chlo^opyrrolo[3^4':5,63indolizino[8,7-b]indole-l,3[2ff,8^ 

> imidazo[2\l':6,l]pyrrolo[3^4^4,5]pyrido[23-b]indole-13(2H^ 




10 
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X2 et Y2 sont tels que d6jGims dans la fomiule (I), 

compose de foimule (II) qui est trait6 par un halog6nure d'alkylmagn6sium en presence 
d'un compose de fonnule (HI) : 



(HO 



dans laquelle Wi et Z sont tels que dSfinis dans la fomiule (T), pour conduire au compose 
de fonnule (IV) : 





(IV) 



dans laquelle R2a, Xi, Yi, X2, Y2, Wi et Z sont tels que dejBnis precedeniment, 

compose de fonnule (IV) qui est mis a reagir avec du di-ter/-butyl-dicarbonate en presence 

de 4-dimethylaminopyridine pour conduire au compose de formule (V) : 




— daias-IaqueHe^B6e^repFfeehte-UH-^6upenieat^ 

■-y yi.et. Z sont tels que d^fiois pr6c6de mineD.t, _ 

— e&mposS-d6-fesaide-f^9-qui^t-: 



15 o soit trait6 par un halogenure d'alkylmagn6siuni en pr6s^ce dhm derive pyrrolylique pour 
conduire au composd de fonnule (VI) : 
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(VI) 



Boc 



dans laquelle est tel que defim dans la fonnule (I) et Boc, R2a, Xi, Yi, X2, Y2, Wi et Z 
sont tels que d^fbtiis pr6cedemment, 
compos6 de fonnule (VI) qui est : 
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* soit ixradiS par une lampe halogfene pour conduire au compos6 de fonnule (I/a), cas 
particulier des compos6s de fonnide (I) : 

X,^ /N^ y^l 

(I/a) 




dans laquelle Boc, Re, R2a, Xi, Yi, X2, Y2, Wi et Z sont tels que d6finis pr6c6demment, 
compos6 de fonnule (I/a) qui est 6ventuellement trait6 par de Tacide fonnique pour 
conduire au compose de fonnule (I/b), cas particulier des compos6s de formule (I) : 




dans laquelle Boc, R^, R2n, Xi, Yi, X2, Y2, Wi et Z sont tels que d6finis prec6demment. 



* soit traite par du palladium black dans le cas particulier oin Re represente xm atome 
dTiydrogfene, pour conduire au compos6 de fonnule (I/c), cas particulier des compos6s de 
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fonnule (I) : 




dans laquelle Boc, Raa, Xi, X2, Y2> Wi et Z sont tels que definis prec6deimnent, 
compose de fonnule (I/c) qui est eventueUexnent soumis aux mSmes conditions de reaction 
5 que le compos6 de fonnule (I/a), pour conduire au compose de formule (I/d), cas 
particulier des composes de formule (I) : 




dans laquelle Raa, Xi, Yi, X2, Y2, Wi et Z sont tels que d6finis pr6c6denmient. 



• soit trait6 par du litihium d'hexamSthyldisilazane en presence d'un derive pyrrolylique 




dans laquelle Boc, R^, R2a, Xi, Yi, X2, Y2, Wi et Z sont tels que d6finis pr6c6deniment, 
compos6 de fonnule (VII) qui est irradi6e par une lanape halogfene, dans un solvant 
apolaire et aprotique, pour conduire au compose de formule (I/e), cas particulier des 



15 
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dans laquelle Boc, Re, R2a, Xi, Yi, X2, Y2, Wi et Z sont tels que dSfinis pr^c^demment, 
compose de formule (J/e) qui est eventuellement soumis aux m@mes conditions de reaction 
que le compost de foimule (T/a), pour conduire au compost de fbimule (I/f), cas patticulier 
des composes de formule (I) : 




dans laquelle Re, Rza, Xi, Yi, X2, Y2, Wi et Z sont tels que d6finis precederament, 
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• soh traite par un halog6nure d'alkytmagnesivun en pr6sence d'imidazole pour conduire au 
compose de formule (VHI) : 




(vm) 



15 



dans laquelle R2a, Xi, Yi, X2, Y2, Wi et Z sont tels que d6fmis pr6c6demment, 
compose de formule (VIH) qui est trait6 par im compose de formule (DC) : 

R,a-G (DO 

dans laquelle Ria, diff6rent de I'atome d'hydrogene, a la m6me dSfciition que Ri dans la 
fomiule (I) et G represente un groupement hydroxy ou un groupement partant. 
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pour conduire au compose de formule (X) 




dans laquelle Ria, R2a> Xi, Yi^, X2, Y2, Wt et Z sont tels que defrnis precedemment, 
composes de formule (X) qui sont irradi6s par une lampe halogfene pour conduire aux 
composes de formules (I/gi) et (I/ga), cas particulier des composes de formule (1) : 





(I/g2) 



dans lesquelles Ria, Raaj X], Yu X2, Y2, Wi et Z sont tels que definis precedemment. 



JLO_ 



^^composSs^aiToiin^^ 

manganese pour conduire aux composes de formules (Uhx) et (I/ha), cas particulier de 
.iQmiule_(J)-.* 




(i/hj) 
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dans lesquelles Ria, R2a5 Xi, Yi, X2, Y2, Wi et Z sont tels que d6finis prec6dennnent, 

compos6s de formules (I/hi) et (UhzX qui sont 6ventuellement soumis axix mSmes 
conditions de reaction que le compost de formule (I/a), dans le cas particulier oil Ria 
repr6sente un groupement ter^-butylcarbonyloxy, pour conduire aux composes de fonnules 
(I/ii) et (I/ia), cas particuliers de composes de formule (I) : 





dans lesqueiles Raa, Xi, Yi, X2, Y2, Wi et Z sont tels que definis pr6cedemment. 
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• soit traite par un halogenure d'alkylmagnesium en presence d'un derive imidazolyle 
CXI): 



dans lequel R7 represente un groupement protecteur d'amines secondaires bien connu de 
lliomme du metier, pour conduire au compos6 de formtile (XH) : 




(XBD 



dans laquelle Raa, R7, Xi, Yi, X2, Y2, Wi et Z sont tels que definis pr6c6demment. 



15 



compost de foinmule (XH) qui est soumis aux mSmes conditions de rdaction que le 
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compos6 de fonmile (Vm), pour conduire au compos6 de foimule (Xm) : 



(xm) 




dans laquelle Ru, Raa, R?* Xi, Yi, X2, Y2, Wi et Z sont tels que dejQnis precedemment. 



compose de fonnule (XDI) dont le cycle imidazolyle est d6prot6g6e selon des m^thodes 
classiques de la synthese or^nique bien conmi de lliomme du ]n6tier, pour conduire au 
compose de fonnule (XIV) : 




NH 



(xrv) 



dans laquelle Ria, Raa, Xj, Yi, X2, Y2, Wi et Z sont tels que definis pr6c6deDMnent, 



-10- 



compose de fonnule (XIV) qui est traite par du palladium black pour conduire au compos6 
-de-formuie-(I(j)rcas-particttUer-des-conq)Os6s-de-fonniile-(]^-: 




(I/j) 



dans laquelle Ru, R2a, Xi, Yi, X2, Y2, Wi et Z sont tels que d6finis pr6c6demment, 
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compos6s de formule (I/j) qui est eventuellement soumis aux mSmes conditions de reaction 
que les compos6s de formule (I/h), pour conduire au compos6 de formule (I/k), cas 
particulier des composes de formule (T) : 




dans laquelle Raa, Xi, Yj, X2, Y2, Wi et Z sont tels que d6finis pr6c6demment. 
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• soit traite par im halogenure d'alkylmaga^sium en presence d'un d&dve imidazolyle 

(XV) : ... 

\ f 
M— N 

dans laquelle R7 est tel que d6fini pr^cedemment pour conduire au compose de formule-. 

(XVI) : 



(XVT) 




N "SPh 



dans laquelle Raa, R7, Xi, Y], X2, Y2, Wi et Z sont tels que definis pr6cedemment. 



compose de foixnule (XVI) qui est trait6 par du nickel de Raney pour conduire au compos6 
de formule (XVIT) : 



64 




pcvn) 



dans laquelle Raa, R7, Xi, Yi, X2, Y2, Wi et Z sont tels que delBbais pr^cedeimnent, 

compost de forraule (XVIT) qui est soumis successivement aux m&nes conditions de 
reaction que les compos6s de foimules (XII) et (Xm), pour conduire au compos6 de 
fonnule (XVIII) : 



(xvm) 





N isr 



la 



dans laquelle Ru, R2a> Xi, Yi, X2, Y2, Wi et Z sont tels que definis precedenament. 



compose de fonnule (XVIII) qui est : 
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* soit irradi6 par une lampe halogene en presence de palladium sur charbon, pour 
^ndmre au ^^^liefTi^ composes^e formulei 




N ^r 



Ma 



dans laquelle Rja, Raa, Xi, Yi, X2, Y2, Wi et Z sont tels que definis pr6c6den3aaaent. 
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composes de formule (LI) qui est 6ventuellement somnis aux mSmes conditions de r6action 
que les composes de fonnule (E/h) pour conduire aux composes de formule (I/m), cas 
particulier des composes de formule (I) : 




(I/m) 



dans laquelle Raa, Xu Yi, X2, Y2, Wi et Z sent tels que definis precederament, 

* soft soumis aux mSmes conditions de reaction que le compos6 de fonnule (XIV), 
poiif conduire aiix composes de formule (I/n), cas particulier Hes compos6s de fonnule (1) : 




dans laquelle Ria, Raa, Xi, Yi, X2, Y2, Wi et Z sont tels que definis pr6c6demment. 



10 composes de fonnule (I/h) qui est 6ventuellement soumis aux mdmes conditions de 
r6action que les composes de formule (I/l) pour conduire aux compos6s de formule (I/o), 
cas particulier des composes de fonnule (I) : 




(I/O) 
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dans laquelle R2a, Xi, Yi, X2, Y2, Wi et Z sont tels que definis pr6cedemment. 



les composes de formules (I/a) k (1/6) fomiant les compos6s de formule (I/p) : 




dans laquelle A, Ri, R2a, Xi, Yi, X2, Y2, Wi et Z sont tels que definis pr^cedemment. 



coinpos6 de formule (I/p) qui est eventuellement traits par de la soude aqueuse pms plac6 
en presence d'acide chlorhydrique pour conduire au compose de formule (I/q), cas 
particutier de composes de formule (I) : 




10 compose s de foixnule (I/q) qui est eventuellement traite par un compose de foraiule (XIX) : 

dans laquelle Rab, different de Tatome dliydrogene et groupement methyle, a la meme 

^5lMti9?L.<fi!®_ da^^^ pour conduire au compose d e formule (I/r), cas* 

particulier des composes de fomiule (I) : 
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10 



15 




Z 



dans laquelle A, Ru Rzb, Xi, Yi, X2, Y2, Wi, W2 et Z sont tels que definis pi^cedemment, 

les composes de formule (I/a) a (I/r) formant Tensemble des composes de formule (I), que 
Ton purifie, le cas echeant, selon des techniques classiques de purification, qui peuvent, si 
on le desire, etre separ6s en leurs diff^rents isom^res, selon une technique classique de 
separation et que Ton transfoniie, si on le souhaite, en leurs sels d'addition k un acide ou a. 
une base pharmaceutiquement acceptable. 

21- Precede de preparation des c6mpos6s.de formule (I), selon la revendication 1, dans le 
cas oil W2 prend la d6j5mtion particulidre : 

\ 

N- 




peuvent etre prepar6s ^partir d'un compost de formule (XX) 

Z 

w 



(XX) 



N N 
H H 



dans laquelle Wi et Z sont tels que definis dans la formule (J), 

composes de formule (XX) que Ton fait r6agir avec un compos6 de formule (XXI) 



vf W CXXD 

dans laquelle R2, Xi, Yi, X2 et Y2 sont tels que definis dans la formule (I), 
pour conduire au compose de formule (XXII) : 




dans laquelle R2, Xi , Yi , X2, Y2, Wi et Z sont tels que defmis prec^demment, 

compose de fonnule POQI) qvd est traite par palladium sur charbon, poxjr conduire au 

compos6 de fomiule (1/s), cas particulier des composes de fomiule (I) : 



5 




dans laquelle R2, Xi, Yi, X2, Y2, Wi et Z sont tels que definis prec6demment. 



le compose de formule (I/s), que Ton purifie, le cas echeant, selon des techniques 
classiques de purification, qui peut, si on le desire, etre separe en ses difFerents isom^res, 
selon une technique classique de separation et que Ton transforme, si on le souhaite, en ses 
ro sels d'additiori a un'acide a urie Base phannaceiitiqt^^ ' " ~ 

22- Gompositions-pharmaeeuldques-Gontenantconmie^prinGipe-acti^ 

. avec un pu plusieuns excipients ou v6hicules inertes, non toxiques, pharmaceutiquement 

15 23- Compositions phannaceutiques selon la revendication 22, utiles en tant que 
medicament, dans le traitement des cancers. 
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